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Thesis Abstract 
Inter-specific interactions around resources, such as nesting sites, are an important factor by 
which invasive species impact native communities. As resource availability varies across 
different environments, competition for resources and invasive species impacts around those 
resources change. In urban environments, changes in habitat structure and the addition of 
introduced species has led to significant changes in species composition and abundance, but 
the extent to which such changes have altered competition over resources is not well 
understood. Australia’s cities are relatively recent, many of them located in coastal and 
biodiversity-rich areas, where conservation efforts have the opportunity to benefit many 
species. Australia hosts a very large diversity of cavity-nesting species, across multiple 
families of birds and mammals. Of particular interest are cavity-breeding species that have 
been significantly impacted by the loss of available nesting resources in large, old, hollow-
bearing trees. Cavity-breeding species have also been impacted by the addition of cavity-
breeding invasive species, increasing the competition for the remaining nesting sites. The 
results of this additional competition have not been quantified in most cavity breeding 
communities in Australia. Our understanding of the importance of inter-specific interactions 
in shaping the outcomes of urbanization and invasion remains very limited across Australian 
communities. This has led to significant gaps in the understanding of the drivers of inter-
specific interactions and how such interactions shape resource use in highly modified 
environments. This knowledge deficit limits the effectiveness of conservation and 
management efforts to mitigate the loss of nest sites for native species and the effectiveness 
of ongoing management actions, such as the addition of artificial nesting boxes.  
To address these gaps, I examined the changes in native and invasive alien species use 
of resources across urban gradients and examined the factors shaping inter-specific 
interactions to provide a mechanistic framework for understanding competition at the 
community scale and invasive species impact on native cavity-nesting species. The research 
presented here provides the first community-level description of competitive interactions, 
describes a mechanism driving interaction intensity, and provides a method to predict where 
and when invasive species impacts on nesting are likely to occur. Additionally, I show that 
both habitat structure and predation are important processes for urban cavity-nesting birds. 
My work highlights that many birds make some use of urban habitats. While there remains 
much to learn about how urban environments can be improved to support long term 
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persistence of individual species, conservation and managemernt efforts can enhance the 
opportunity to help a large number of birds in Australian cities. 
This study established a large-scale field project that included eight field sites across 
southeast QLD and NSW. The study was designed along both regional-scale invasion 
gradients, with focus on the Common (Indian) myna (Acridotheres tristis), and local-scale 
urbanization gradients. I discovered that interaction webs around tree hollows in urban 
environments are dominated by a small number of highly aggressive species, including the 
invasive common myna and that interaction frequency between species was positively 
correlated with the overlap in preferred breeding sites (breeding niche; Chapter 2). To 
investigate how breeding niche overlap can be applied to a community with many unstudied 
invasive species, I examined the extent of niche overlap between species in the cavity-
breeding birds of Tasmania detailing the potential interaction network for the island (Chapter 
3). I discovered that niche overlap predicted important inters-specific interactions and that 
most native cavity-nesting species potentially face increased competition for nesting sites as a 
result of the addition of multiple invasive species.  
In chapter 4, I examined how birds use supplementary nesting sites (i.e, nest boxes) 
varied across urban environments in different landscape contexts across New South Wales 
and Queensland), and across cities which have been invaded for different lengths of time. 
This was aimed at understanding the importance of artificial nest boxes as supplementary 
resources in areas with limited breeding cavities due to human impacts. There was high 
variation in the rates of nest box use both by invasive and native species such that the 
importance of nest boxes as supplemental nesting sites will differ across cities. I found that 
many nesting attempts in the nest boxes failed, highlighting the need to account for both 
competition and predation when designing and deploying nest boxes.  
Finally, in Chapter 5, I explored patterns in the community composition of urban bird 
communities. This allowed me to test the impacts of regional invasion dynamics and local 
variation in habitat on avian community richness and abundance. I discovered that increasing 
habitat structure and decreasing abundance of despotic species (i.e., species which influence 
community composition through aggressive interactions such as the noisy miner) predicted 
greater native species richness. More broadly the work presented in this thesis highlights that 
urban conservation efforts will be improved by a better including into management actions 
and future work the factors influencing breeding dynamics and resource use.  
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Background 
Australia is a megadiverse continent where 89% of people currently live in cities (Spencer et 
al., 2015). Most urban centres in Australia overlap with areas of high biodiversity, providing 
important opportunities for conservation in urban environments (Figure 1.1; Miller & Hobbs, 
2013; Ives et al., 2016). Of particular conservation importance are the cavity-dependant 
species, as they represent 15% of all terrestrial species in Australia (Gibbons & Lindenmayer, 
2002). Urbanization has impacted cavity-dependent species in different ways, for example: i) 
changing habitat structure (Sewell & Catterall, 1998; Garden et al., 2010) and the distribution 
and abundance of resources such as nesting sites (Remacha & Delgado, 2009; Davis et al., 
2014; Tomasevic & Marzluff, 2016); ii) changing community composition and species 
abundances (Davis et al., 2012); iii) favouring the expansion of despotic native species (Kath 
et al., 2009; Mac Nally et al., 2014; Joyce et al., 2018); and iv) facilitating the establishment 
and spread of invasive species (Ortega-álvarez et al., 2009; Hernandez-Brito et al., 2014; 
Wallner et al., 2014). Five non-native cavity-nesting species have established across Australia 
and 20 native cavity nesters have expanded their distribution beyond their historic ranges 
(Duncan et al., 2001; Gibbons & Lindenmayer, 2002; Wallner et al., 2014). Additionally, 
new introductions of cavity breeding birds continue as a result of escaped pets (Vall-Ilosera 
& Cassey, 2017). However, the impact of most introduced species on native species remains 
unknown. While the impact of widespread and common species is likely to vary with 
landscape-level variation in invasive species abundance and available resources (Koenig, 
2003; Strayer et al., 2006; Linz et al., 2007; Urban et al., 2008), how such impacts vary 
across Australia is poorly understood.  
In Australia, 15% of all birds, 114 species, use hollows for roosting or breeding (Gibbons 
& Lindenmayer, 2002). Avian hollow users are a diverse group with species belonging to 20 
families, including bellbirds (Oreoicidae), ducks (Anatidae), falcons (Falconidae), finches 
(Fringillidae), kingfishers (Alcedinidae), nightjars (Caprimulgidae), owls (Strigidae and 
Tytonidae), owlet-nightjars (Aegothelidae), pardalotes (Pardalotidae), parrots 
(Psittaciformes), robins (Petroicidae), shrike-thrushes (Pachycephalidae),sparrows 
(Passeridae), swallows and martins (Hirundinidae), thornbills (Acanthizidae), thrushes 
(Turdidae), treecreepers (Certhiidae), white-face (Acanthizidae), and woodswallows 
(Artamidae) (Gibbons & Lindenmayer, 2002). Of particular conservation concern are 11 
threatened or endangered terrestrial bird species that use hollows and are impacted by habitat 
loss and invasive species (Gibbons & Lindenmayer, 2002; Grarock et al., 2013a).  
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Figure 1.1. Human population density across Australia a), bird species richness in Australia 
b). Most of the population lives in coastal areas. These regions also support the majority of 
Australia’s native species. (Human density map, Australia Bureau of Statistics, 
http://www.abs.gov.au/; Bird species richness map data from birdlife.org) 
 
Natural tree hollows, artificial structures (buildings, nest boxes), burrows and rock 
crevices are used by cavity breeding birds for nesting. Species that nest in natural tree 
hollows have been especially impacted by habitat change as hollows are primarily found in 
large old trees and are a limited resource in many landscapes globally (Newton, 1994; Lorenz 
et al., 2015; Stojanovic et al., 2017). In Australia, natural hollow formation is slow, as the 
lack of vertebrate cavity excavators such as woodpeckers means that tree hollow formation 
occurs through the slower processes of termite excavation, fire, and fungal decay of 
heartwood in large old trees (Gibbons et al., 2000; Gibbons & Lindenmayer, 2002; Harper et 
al., 2005b; Adkins, 2016). Another factor limiting hollows availability for breeding birds is 
that as little as 5 % of hollows are useable for nesting (Stojanovic et al., 2012), although some 
species can modify hollows by chewing (Harper et al., 2005b; Koch, 2008; Goldingay, 2011; 
Le Roux et al., 2014a).  
Despite an apparent lack of suitable nesting sites, many cavity breeding species have 
adapted to life in Australia’s cities. Some species can reach densities higher than those found 
in surrounding natural habitats (Davis et al., 2011, 2012). A paradox in Australian urban 
ecology is that natural hollows are a limiting resource in modified environments, while 
cavity-nesting species are abundant. The breeding dynamics of many of these species in 
urban areas is not well understood, and efforts to conserve cavity nesters by supplementing 
Andrew Rogers  PhD Thesis 
17 
 
modified habitats with artificial nest boxes are common in Australian cities. The preferences 
for breeding habitat and cavity characteristics (ex. tree hollow, rock crevice, burrow, nest 
box, as well as cavity size, depth, height, preferred habitat) have been documented for many 
species (Higgins, 1999), and nest boxes have been suggested to serve as a useful conservation 
tool when the boxes are designed to meet the known species-specific nest site requirements 
(Goldingay et al., 2007; Griffith et al., 2008; Durant et al., 2009; Brazill-Boast et al., 2013a; 
Stojanovic et al., 2018). Box and cavity characteristics including entrance diameter, shape, 
position on the tree, and surrounding habitat structure all influence the selection of nest sites 
(Lindenmayer et al., 2009, 2016; Remacha & Delgado, 2009).  
In addition to cavity characteristics, both competition between species with similar nest 
site preferences and predation can have significant effects on nest site selection and 
reproductive success (Finch, 1990; Ingold, 1998; Orchan et al., 2013; Charter et al., 2016; 
Goldshtein et al., 2018). However, the relative impact of such interactions is not well 
understood for most cavity-nesting species. In general, competition has shown to be an 
important driver ofthe bird community structure in both native and modified Australian 
habitats (Martin & Eadie, 1999; Martin et al., 2004), and an important mechanism by which 
invasive species impact native communities (Newson et al., 2011; Orchan et al., 2013; 
Charter et al., 2016; Yosef et al., 2016). Invasive birds can impact local species through 
competition for foraging areas, and competition for nesting sites (Yap & Sodhi, 2004; Evans 
et al., 2014; Hernandez-Brito et al., 2014; Clark et al., 2015; Charter et al., 2016). The vast 
majority of invasive species competitive impacts have not been studied in Australia. Of the 
five invasive and 20 native Australian species that have been added to urban cavity-nesting 
communities, only the common starling and common myna have been shown to impact 
native species nesting dynamics (Pell & Tidemann, 1997a; Grarock et al., 2013a; Stojanovic 
et al., 2018). Despite the presence of invasive bird species across the continent of Australia 
(Mckinney & Kark, 2017), studies on their impacts have been limited to a few cities, so 
impacts over much of the invasive range for these invasive birds are hard to predict.  
 Conservation of urban birds in general, and cavity breeding birds in particular, 
requires an understanding of how disturbance alters the availability and species use of 
resources. In this thesis, I examine how bird communities respond to urbanization and 
invasion, and how this shapes important processes such as nesting and habitat use. First, I 
explore the drivers of inter-specific competition around nest sites and propose a novel metric 
for estimating the impact of invasive cavity-nesting species. Next, I apply this breeding niche 
overlap metric to invaded communities to explore potentially unstudied invasive species 
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impacts. Third, I examine how species use of nest sites varies with changes in disturbance 
intensity (gradients of invasion and urbanization) and community composition. Finally, I 
explore how disturbance gradients alter community composition and species-specific 
tolerances for urbanization and invasion. This combined leads to a better understanding of the 
factors shaping species use of nesting sites and habitat space in modified environments and 
provides recommendations for urban habitat management and guidelines for future invasive 
species research.    
 
Interspecies interactions, and invasive impacts 
Competition is an important driver of community structure (Shochat et al., 2010; Mougi et 
al., 2012; Howes et al., 2014; Staniczenko et al., 2017), and an important mechanism by 
which invasive species impact local communities (Human & Gordon, 1996; Holway, 1999; 
Orchan et al., 2013; Anneville et al., 2017). The intensity of such interactions, and therefore 
the impact of one species on another is mediated by both species-specific traits, resource 
requirements, and resource availability (Rusterholz, 1981; Kaplan & Denno, 2007; Brazill-
Boast et al., 2010; Lowrey et al., 2018). Variation in invasive alien species impacts are likely 
with changes in local community composition and resource abundance (Davis, 2003; Mac 
Nally & Timewell, 2005; Hui et al., 2016), so as invasive species spread, impacts are likely to 
change as they invade different environments (Fogarty et al., 2011; Grarock et al., 2013a; 
Simberloff et al., 2013). By studying how competitive interactions between invasive and 
native species are related to species traits and resource use, better predictions of invasive 
species impacts can be made for unstudied communities (Tylianakis et al., 2008; Sullivan, 
2014).  
Inter-specific competition can take many forms. Direct competition occurs when two 
species fight over access to resources such as breeding locations (Pearce et al., 2011; Davis et 
al., 2013) or food (LeBrun, 2005; Miller et al., 2017). Indirect competition can occur when 
one species more successfully exploits a resource depriving it from another species (Human 
& Gordon, 1996; Petren & Case, 1996). The intensity and outcomes of such competition are 
important factors by which one species impacts another species’ use of habitat space (Kaplan 
& Denno, 2007; McClure et al., 2011; Newson et al., 2011). In habitats where resources are 
limited, or a species is significantly more aggressive, competition can exclude species from 
otherwise suitable habitat (McClure et al., 2011; Fowler, 2013). Despite the importance of 
interactions and competition for shaping communities and especially invaded communities, 
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direct invasive-native interactions have been difficult to quantify, and the underlying drivers 
of competition are poorly understood at the community level (DeCesare et al., 2010; Kéfi et 
al., 2015).  
Both the intensity and outcome of inter-specific competitive interactions over 
resources are mediated by species-specific traits and ecological niche space (Werner & 
Gilliam, 1984; HilleRisLambers et al., 2012; Lurgi et al., 2014; Kéfi et al., 2015; Precoda et 
al., 2017). Traits such as body size can influence which species are more successful in 
aggressive interactions, with larger species generally having an advantage in physical 
competition (Alatalo & Moreno, 1987; Mac Nally et al., 2012; Howes et al., 2014). Resource 
requirements may also influence levels of competition where species compete most strongly 
over more critical or limited resources (Brazill-Boast et al., 2010; Harrington et al., 2015; 
Reif et al., 2018). The sum of a species resource requirements reflects its ecological niche, 
where even small differences in occupied niche space can change the intensity of competition 
(Schoener, 1974; Werner & Gilliam, 1984; Ozkan et al., 2013; Johnson et al., 2017; Costa-
Pereira et al., 2018; Lowrey et al., 2018). Invasive species establishment in novel 
environments depends on a species ability to compete with native species over resources 
directly or exploit resources more efficiently than native species (Sol et al., 2011). 
Australian birds are known to be among some of the most aggressive birds globally 
(Low, 2014), with high levels of competition observed between species competing over 
foraging and nesting space (Mac Nally & Timewell, 2005; Howes & Maron, 2009; Mac 
Nally et al., 2012; Maron et al., 2013). While impacts of invasive species in the form of 
direct, aggressive interactions are not significant around foraging areas (Lowe et al., 2011; 
Sol et al., 2011; Haythorpe et al., 2012) competition for nest sites can have significant 
impacts on reproductive success (Heinsohn et al., 2003; Brazill-Boast et al., 2013a; Davis et 
al., 2013; Edworthy, 2016). While competition is often assumed to be the driver in the 
patterns of birds use of habitat space (Kath et al., 2009; Montague-Drake et al., 2011; 
Grarock et al., 2013a, 2014a), direct interactions responsible for those patterns are rarely 
quantified at the community level in Australia (Sol et al., 2012a). Furthermore, general 
patterns of nest site occupancy often assume competition between cavity native species 
(including invasive-native and native-native interactions) and studies have been limited to 
studies of a few species (Pell & Tidemann, 1997a, 1997b; Holdsworth, 2006; Grarock et al., 
2013a; Stojanovic et al., 2018) and most studies on aggressive interactions usually focus on 
specific species pairs (Pell & Tidemann, 1997a; Murphy et al., 2003; Edworthy, 2016). For 
the diverse community of cavity-nesting species competing over a limited number of nesting 
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sites the lack of community-level data leaves a serious gap in how competitive interactions 
shape community composition and reproductive dynamics (Orchan et al., 2013).  
Complex interaction networks can arise when multiple species compete for the same 
resources (Orchan et al., 2013). By examining inter-specific interactions at the community 
level, we can reveal important drivers of community structure (Mokross et al., 2014). While 
few studies have attempted to quantify interaction webs for Australia’s cavity breeding 
communities (Davis et al., 2013), such an approach is well suited for the cavity nesters as birds 
are relatively easy to identify in the field and often compete over a critical resource (Kéfi et al., 
2015). Previous research into species interactions has been limited in the number of species 
studied or limited in spatial extent (Pell & Tidemann, 1997a; Heinsohn et al., 2003; Davis et 
al., 2013; Edworthy, 2016), and a major gap exists in our understanding of how the drivers of 
species interactions and invasive species impacts for cavity breeding species across Australia. 
Consequently, little is known about whether such changes observed in some parts of Australia 
(Pell & Tidemann, 1997a; Holdsworth, 2006; Grarock et al., 2013a; Stojanovic et al., 2018) 
are consistent between regions in Australia.  
 
Urban environments in Australia 
Conversion of natural vegetation to urban habitats is a major driver of habitat loss (Garden et 
al., 2006; United Nations, 2007). Australia cities are located in some of the most species-rich 
parts of the continent. The process of urbanization alters habitat configuration and structure 
(Bolger et al., 1997; Garden et al., 2006; Shanahan et al., 2011a), facilitates biological invasions 
(Blackburn & Duncan, 2001; Duncan et al., 2001; Cassey et al., 2004), and alters patterns in 
species abundance and species richness (Sewell & Catterall, 1998; Parsons et al., 2006; van 
Rensburg et al., 2009; Haythorpe et al., 2014). Maintaining suitable habitat within cities is 
important since many areas with a large human population are often correlated with high 
species richness (Figure 1.1.; Chown et al., 2003; Luck et al., 2004; Luck, 2007). Urban areas, 
in particular, are important as many native species use such environments seasonally, and as 
refugia during events such as drought and fire (Davis et al., 2011). Despite the positive 
correlation between urban areas and species richness at large spatial scales, at small spatial 
scales (within cities) increasing urbanization generally reduces species richness (Blair, 2004; 
Barth et al., 2015). Underrating how different urban environments are used by native species 
has important implications for shaping management and conservation strategies in cities 
(Dearborn & Kark, 2009; Ives et al., 2016). Importantly, variation in species response to 
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different types of disturbance within cities will change where conservation management actions 
will be most effective (Howes et al., 2010; Uerbach et al., 2014; Stojanovic et al., 2018). 
Australia is an ideal study area to examine how communities shift in response to changing 
levels of urbanization due to the recent establishment of its cities, sound species introduction 
records, and current data on extant species distributions (Duncan et al., 2001, 2003).  
Urban environments are composed of heterogeneous habitat patches differing in their 
levels of urbanization (Chace & Walsh, 2006; Shwartz et al., 2008a; Murgui & Hedblom, 
2017). Urban bird communities are structured by complex species-specific responses to both 
habitat change and species interactions (Parsons et al., 2006; Heleno et al., 2012; Grarock et 
al., 2014a; Joyce et al., 2018). Species richness and abundance varies across urban areas in 
response to changes in habitat extent, connectivity, structure, and vegetation composition 
(Andrén, 1994; Bolger et al., 1997; Bino et al., 2008; Shanahan & Possingham, 2009; Garden 
et al., 2010; Shanahan et al., 2011b). Additionally, individual species traits such as sociality, 
diet, and nesting locations, are important factors in determining a species ability to use urban 
habitats (Kark et al., 2007; Evans et al., 2011; Joyce et al., 2018). Species responses to urban 
environments can be broadly classified into three groups: urban avoiders, that occur at high 
abundances only in the least modified habitats; urban adapters, that reach peak densities at 
moderate levels of urbanization but can occur in both unmodified and highly modified habitats; 
and urban adapters, that have their highest densities in the most urban environments (Blair, 
1996).  
The ongoing expansion of urban environments has benefited two aggressive urban 
birds; the native noisy miner and the introduced common myna (Acridotheres tristis). The 
noisy miner (Manorina melanocephala; Figure 1.2), a member of the honeyeater family 
(Meliphagidae), that have been found to aggressive exclude many species (especially smaller 
birds < 70 g) from their territories (Sewell & Catterall, 1998; Maron et al., 2013; Haythorpe 
et al., 2014). Noisy miners are colonial breeders, with large family groups defending 
territories year round (Parsons et al., 2006). This species is a very successful urban adapter, 
preferring open habitats with few trees and open understory (Parsons et al., 2006; Kath et al., 
2009). Populations of noisy miners have increased dramatically in the last 40 years following 
urban expansion and have been attributed with driving landscape-scale changes in bird 
communities (Montague-Drake et al., 2011). The increase in miners abundance has occurred 
alongside increasing levels of urbanization, and the spread of invasive species such as the 
common myna (Kath et al., 2009; Grarock et al., 2012, 2014a). The interactions between 
multiple aggressive urban birds are likely to create complex patterns in urban habitat use by 
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native species (Garden et al., 2010; Zivanovic & Luck, 2016), but the drivers of this variation 
are poorly understood.  
 
 
Figure 1.2. The invasive common myna (a) and native noisy miner (b) are two aggressive 
urban birds along Australia’s east coast. Common mynas are members of the starling family 
(Sturnidae) while the noisy miner is a native honeyeater (Meliphagidae). Photo: A. Rogers 
 
Urbanization and human-modified habitats have contributed to the range expansion of 
a number of parrot species in Australia; such as the rainbow lorikeet, galah, little corella, and 
long-billed corella whose range was largely confined to the more arid interior now extends 
eastwards to the coast and south to the island of Tasmania (Gibbons & Lindenmayer, 2002). 
Habitat change in the form of altered fire regimes, particularly catastrophic fires has been 
attributed with driving species such as sulphur-crested cockatoo into cities (Davis et al., 
2011). These large, intelligent birds subsequently adapted well to urban environments in large 
numbers and can now be found in higher densities in some cities than in surrounding non-
urban habitats. In addition to facilitating range expansions, urbanization is altering the 
abundance of cavity nesters. Species such as the rainbow lorikeet, are well adapted to make 
use of nectar resources available in many planted urban plants and trees, has increased in 
abundance following the expansion of urban areas along the east coast and is invasive in 
cities in Western Australia and Tasmania where it is introduced (Shukuroglou & McCarthy, 
2006; Koch et al., 2008; Daoud-opit & Jones, 2016). However, the addition of many novel 
species to urban cavity breeding assemblages remains little understood. While a range of 
cavity-nesting species are declining across many parts of Australia (Birdlife Australia, 2015), 
determining the drivers of hollow breeding species abundance and breeding dynamics are 
needed to protect species in urban environments.  
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Invasive species impacts  
Invasive species can have significant impacts on urban assemblages since many of these 
species show a preference for and are most abundant in human-dominated habitats (Duncan et 
al., 2001; Peacock et al., 2007; van Rensburg et al., 2009). Invasive species are more likely to 
be successful in urban environments if they are found around humans in their native range 
(Duncan et al., 2003), if they are social, sedentary, nest above the ground, feed on plants, and 
are opportunistic foragers (Kark et al., 2007; Evans et al., 2011; Sol et al., 2011; Griffin et al., 
2012). Negative impacts of invasive species depend on traits of the invader, characteristics of 
the invaded communities, and time since invasion (Romanuk et al., 2009; Evans et al., 2014). 
Species interactions (i.e., competition for foraging areas or nest sites) are an important 
mechanism by which invasive species disrupt local communities (Orchan et al., 2013; Potts et 
al., 2014; Charter et al., 2016). Therefore, impacts are predicted to change as invasive-native 
interactions vary with invader density, invaded community composition, and as native species 
respond to and habituate to the presence of invasive species (Koenig, 2003; Crooks, 2005; Ifran 
& Fiorini, 2010). 
Further changes in urban cavity breeding communities have come from the addition of 
non-native species. The most widespread invasive species include the house sparrow, 
common starling, and common myna. Recently the house sparrow has been declining in 
several urban areas, but both the common starling and common myna are expanding their 
ranges across the continent. Both the common starling and common myna have had 
significant impacts on native species, with the most direct impacts attributed to the disruption 
of breeding attempts (Pell & Tidemann, 1997a; Holdsworth, 2006; Grarock et al., 2013a; 
Stojanovic et al., 2018); although such impacts for the common myna are not consistent 
across different habitats (Pell & Tidemann, 1997b). Common mynas are abundant urban 
birds, and consequently, they have received the most research and public attention of the 
invasive birds. Despite the mynas being widespread in SE Australia, with demonstrated 
impacts in some parts of their range (i.e., Sydney and Canberra; Pell & Tidemann, 1997a; 
Grarock et al., 2013), how such impacts vary across its invasive range are not well known, 
leading to a limited ability to predict where and when invasive species introductions are 
significantly impacting native species.  
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The Common myna as a case study 
The common myna (also called the Indian myna) has established invasive populations in 
over 18 countries, making it one of the world’s most widespread and invasive birds (Global 
Invasive Species Database, 2015). In both its native and introduced ranges, it typically 
occupies open woodland, agricultural landscapes, and urban habitats. Initially introduced into 
many areas as biocontrol for insect pests, negative impacts of the species include damage to 
agricultural crops, competition with native species, and disease vectoring (Pell & Tidemann, 
1997b; Holzapfel et al., 2006; Tindall et al., 2007; Lowe et al., 2011; Grarock et al., 2012; 
Orchan et al., 2013). The common myna has an average body size of 120 g and is an 
omnivore (Dhami & Nagle, 2009). Mynas nests in both natural hollows as well as in almost 
any human-made structures such as gutters, roof eaves, pipes, and walls (Pell & Tidemann, 
1997b; Dhami & Nagle, 2009) where they will fill the nest cavity with grass, feathers, hair, 
and garbage. Common mynas breed during the summer months and have been recorded 
laying up to three clutches (Dhami & Nagle, 2009). In the non-breeding season, it is a social 
bird forming large noisy flocks. The myna is an aggressive bird known for intra-species 
fighting, mobbing of other species, and destructions of other species nests (Pell & Tidemann, 
1997a; Grarock et al., 2013a; Orchan et al., 2013).  
In Australia, common mynas were originally introduced to the state of Victoria in the late 
1800s, and initial introduction efforts were high with multiple groups of more than 100 birds 
being introduced at a time (Martin, 1996). Common myna has since been moved or have 
spread across the much of the east coast of Australia (Martin, 1996), where they have reached 
their highest densities in urban habitats (Antos et al., 2006; Lowe et al., 2011; Grarock et al., 
2013a). The range of the common myna is still expanding within Australia, and the high 
tolerance for diverse climates suggests that the myna could spread to Western Australia 
(Martin, 1996). Rates of establishment, invasion, and density have not been uniform across 
Australia, which may be due to low dispersal rates or the sedentary nature of the species 
(Martin, 1996; Pell & Tidemann, 1997b). Currently, the mynas’ invasive range extends from 
the tropics, through temperate woodland and into Mediterranean environments (Martin, 
1996). The mynas range is still expanding and has the potential to invade both Perth in 
Western Australia and Tasmania. Indeed a few individuals have made it to northern part of 
Tasmania although it has not established (Tasmanian Government, 2017). In parts of its range 
where it had been long established the common myna can reach densities of 175 birds per 
km.  
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Within Australia, the common myna has been shown to have impacts native species 
through aggressive, territorial behaviour (Pell & Tidemann, 1997b), although it is less 
aggressive than many native species when foraging (Lowe et al., 2011; Griffin et al., 2012). 
Additionally, mynas can occupy multiple cavities within a home range (although a pair may 
only use one hollow to nest), and in warm climates they may breed over much of the year 
raising up to three broods (Parsons et al., 2006; Lowe et al., 2011; Grarock et al., 2012; Davis 
et al., 2013). Direct competition for nesting sites has been shown between myna and two 
native parrots, the crimson rosella (Platycercus elegans) and eastern rosella (Platyverus 
eximius; (Pell & Tidemann, 1997a, 1997b; Grarock et al., 2013a), however, such impacts 
have only been studied in a few parts of the mynas’ range. Common myna presence is 
correlated with declines in small bird numbers (Tindall et al., 2007; Grarock et al., 2012), 
attributing such changes in bird communities is complicated by other factors that alter bird 
assemblages. Common myna densities are highest in human modified environments which 
are also the perfered habitat of aggressive despotic species (species that significantly 
influence the community composition through aggressive interactions; Mac Nally et al., 
2000) such as the noisy miner (Pell & Tidemann, 1997a; Mac et al., 2000; Grarock et al., 
2014b). The large range encompassing diverse ecological communities, increases the chances 
that common myna impacts will vary over space and through time (Strayer et al., 2006; Linz 
et al., 2007; Urban et al., 2008), and a better understanding of the drivers of myna 
interactions with other species is needed to understand the impact of this widespread urban 
bird.  
 
Thesis overview 
The main aim of this thesis is to examine how inter-specific interactions and resource use 
vary across urbanization gradients and along invasion gradients. The key gaps I aim to 
address are: 
1) To what extent invasive cavity-nesting birds compete for urban tree hollows;  
2) Whether species traits mediate intensity of inter-specific competition, and how this 
can be applied to poorly studied interaction webs; 
3) How the use of critical resources, such as nesting sites, varies across urban areas, 
4) How interactions and habitat change shape species use of habitat space across 
gradients of urbanization; 
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The results of this work aim to improve our understanding of the factors shaping interactions 
amongst urban birds, native species use of urban habitats, invasive species impacts on native 
communities, and provide insight into how to better conserve and manage native urban bird 
diversity in modified and urbanizing landscapes. 
 
Chapter summaries 
 
Chapter 1 – Introduction and background 
A review of the thesis goals, a general background to interactions between native and 
invasive birds and effects of urbanization in Australia on urban bird communities.  
 
Chapter 2- Noisy neighbours and myna problems: Aggressive interaction webs around tree 
hollows in urban habitats. 
In this chapter, I asked to what extent do species compete for nesting space in large hollow-
bearing trees, and to what extent does the invasive common myna interact with native 
species. Secondly, I asked whether overlap in species traits and preference for certain cavity 
traits influences interaction frequency and outcome of aggressive interactions. To answer 
these questions, I recorded all aggressive inter-specific interactions in large hollow-bearing 
urban trees. I collated all the data on species traits and preferred nest cavity characteristics 
(entrance diameter, depth, cavity type) and calculated a metric of breeding niche overlap 
between species. The theoretical breeding niche was a good predictor of interaction 
frequency, but body size did not predict interaction outcome. Comparing overlap in breeding 
niche, therefore, provides a way to quantify likely impacts from increased competition for 
nest sites on invasive cavity-nesting species. 
 
Chapter 3 - Incorporating species interaction networks into conservation: The cavity 
breeding community in Tasmania as a case study 
In this chapter, I asked the question to what extent has the introduction of multiple invasive 
species altered the cavity breeding community in Tasmania. I calculated the breeding niche 
overlap for all cavity breeding species on Tasmania and reviewed published reports of 
species interactions around nesting cavities. Twenty-five percent of Tasmania’s cavity-
nesting community is non-native species, 65% of Tasmania’s native species, including 
endemic, and threatened species are likely impacted by one or more introduced species. The 
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breeding niche overlap metric captured important known interactions between invasive and 
threatened species and highlights the likely impact of invasive species on many common and 
poorly studied native birds. This approach provides a framework to help prioritize future 
invasive species research in the field.  
 
Chapter 4 - Alien vs. predator: the interactions between common myna and native predators 
on cavity-nesting species along an invasion gradient 
Here I asked how bird use of critical resources - nest sites in next boxes - varies with urban 
context, and how species interactions shape nest box use. I found that overall occupancy of 
the boxes by native birds was low (~10% of all boxes), but box occupancy varied 
considerably across study sites. Species used nest boxes very differently across our study 
sites, and urban nest box programs need to account for both invasive species and native nest 
predators when deciding which nest boxes will most benefit urban cavity-nesting birds.  
 
Chapter 5 - The role of invasion and urbanization gradients in shaping avian community 
composition 
In this chapter, I asked how bird communities changed along gradients of urbanization and 
invasion, in order to better understand how multiple disturbance types alter local bird 
assemblages and explore differences in individual species urban tolerance. I found that more 
urbanized habitats are used by fewer species, but that the majority of species occupied some 
parts of the urban environment and even small patches of habitat with larger bushland cover 
support more birds. Understanding species urban tolerance is critical for managing habitats 
that support urban wildlife. 
 
Chapter 6 – Discussion  
Here, I discuss the major findings of each chapter and their broader implications for future 
research and conservation. I discuss the limitations of the current work and suggest targets for 
future research on urban cavity breeding birds and between-species interactions. 
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Chapter 2  
Noisy neighbours and myna problems: Aggressive 
interaction webs around tree hollows in urban 
habitats 
 
 
 
 
Photos (top to bottom): D. Arnold, S. S. Cheema, and G. Camiller 
 
 
To be submitted to American Naturalist 
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Abstract 
Competition is an important mechanism by which invasive species impact native 
communities. Differences in resource use and species traits, such as body size, often mediate 
the intensity and outcome of interspecific interactions. Tree hollows provide a critical 
resource for breeding and roosting sites for 114 Australia bird species. Several of Australia’s 
invasive birds also use hollows. However where and when invasive species aggressively 
compete for tree hollows is not well understood. Here we examined the aggressive interaction 
networks around large hollow bearing urban trees in southeast Queensland, Australia to 
examine competition in an invaded cavity-nesting community. We then tested whether 
interaction frequency was influenced by an overlap in each species preferred cavities 
(breeding niche) and whether body size predicted which species would win an interaction. 
We recorded interactions between 48 species in total, of which 18 were cavity-nesting 
species. Urban interaction webs in our sites were dominated by a few highly aggressive 
urban-adapted species, namely the native rainbow lorikeet (Trichoglossus moluccanus), the 
native noisy miner (Manorina melanocephala) and the invasive common myna (Acridotheres 
tristis). We found that the common myna was the second most aggressive bird following the 
native noisy miner and the most aggressive cavity-nesting species. In general cavity-nesting 
birds with more similar breeding niches interacted more frequently. While across all observed 
interacitons larger birds won more frequently, the common myna (113 ± 30 g) won most of 
the interactions with the rainbow lorikeet (Trichoglossus moluccanus; 126 ± 44 g), the native 
species closest in size. Amongst the cavity breeding birds, we found that species with more 
similar nest-site preferences interacted more frequently. We found that the common myna is 
has the greatest impact on species that are similar in their body size. Overlap in niche space 
and differences in body size provide a useful way to estimate where and when other invasive 
cavity breeding birds are likely to impact native species across Australia.  
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Introduction 
Competition between species over control of a limited resource is an important way that 
invasive alien species impact native species (Human & Gordon, 1996; Czajka, 2011; Charter 
et al., 2016). Competition can be mediated by a range of factors, including differences in 
body mass and the ecological niche occupied by species (Human & Gordon, 1996; Batalha et 
al., 2013; Howes et al., 2014). Body mass is important as larger species are assumed to have 
an advantage in physical contests (Human & Gordon, 1996). Ecological niche space reflects 
in part the resource and habitat requirements for a given species, with small differences in 
niche space allowing species to avoid or reduce competition over some resources such as 
food (Brazill-Boast et al., 2010; Sanz-Aguilar et al., 2015). Identifying the drivers of 
aggressive inter-specific interactions (Ford, 1979; Howes et al., 2014; Anneville et al., 2017; 
Reif et al., 2018) are often difficult to assess for entire communities due to the amount of 
time required to observe interactions between all species in a community (Miller et al., 2017).  
 For cavity breeding birds, competition for nesting sites is an important mechanism 
structuring communities (Martin et al., 2004; Fisher & Wiebe, 2006) and the addition of 
invasive species into cavity-nesting communities can have significant impacts on native 
species nesting opportunities (Ingold, 1998; Peck et al., 2014; Charter et al., 2016). Important 
drivers of species persistence in a habitat is in part governed by species-specific preferences 
for certain cavity characteristics (i.e., entrance size, location, height, species of tree; 
Lindenmayer et al., 2000; Martin et al., 2004; Lorenz et al., 2015) and interactions around 
nests (Ingold, 1998; Fisher & Wiebe, 2006; Mori et al., 2017). Overlap in preferences for 
certain cavities traits are likely to increase competition between cavity-nesting species 
(Brazill-Boast et al., 2010; Pearce et al., 2011; Edworthy, 2016). Understanding the drivers of 
competition for nesting sites is critical for understanding where competition with invasive 
species is likely to be the greatest (Morris et al., 2011; Lurgi et al., 2014; Kamenova et al., 
2017). However, little work has been done to explore how overlap in preferred nesting sites is 
related to competition intensity for cavity breeding communities.  
 Rates of cavity use by Australian species is high compared to many other places 
globally, with at least 114 birds, ca. 15% of all birds using hollows for nesting or roosting 
(Gibbons & Lindenmayer, 2002). Because Australia lacks woodpeckers or other vertebrate 
primary cavity excavators, hollow formation by termites and fungus can take a long time with 
hollows generally forming in trees older than 100 years in age (Gibbons & Lindenmayer, 
2002). As native forests are cleared for anthropogenic land uses (forestry, urbanization, 
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agriculture) the total supply of natural tree hollows is reduced (Koch & Woehler, 2007; Koch 
et al., 2009; Le Roux et al., 2014b). In modified habitats, remaining cavities are often 
occupied by several dominant species that adapt to human-dominated landscapes and urban 
areas, or invasive species further limiting the supply of nest sites (Lindenmayer et al., 2017). 
The combined impacts of habitat change and invasive species have been shown to reduce 
nesting attempts by cavity-nesting species in urban habitats but competition in these studies 
has largely been based inferred from spatial segregation in nests site locations(Pell & 
Tidemann, 1997a; Grarock et al., 2013a). Davis et al., (2013) examined competition between 
a few native species around natural hollows in remnant vegetation within urban habitats, 
however this study focused on species visiting the same hollow rather than observations of 
interactions between species leaving a gap in our understanding of how aggressive 
interactions around natural tree hollows in urban habitats influences species use of hollows.  
There are at least five non-Australian species and 21 Australian species which have 
been moved and established across Australia (Gibbons & Lindenmayer, 2002; Koch et al., 
2008). Despite the large changes in the cavity breeding communities in modified 
environments across the continent, there has been little work (but see Davis et al., 2013) to 
examine how inter-species interactions have changed and how this influences species 
persistence in urban areas. The cavity-nesting species that has received the most research 
attention in terms of aggression is the common myna, which is one of Australia’s most 
widespread invasive species occurring from tropical northern Queensland down the east coast 
temperate forests in the south (Martin, 1996). The common myna is a human commensal 
species that commonly nest in highly modified habitats (Tindall et al., 2007; Dhami & Nagle, 
2009; Lowe et al., 2011). Impacts of common mynas on nesting native species are often 
inferred from patterns of hollow or nest box occupancy. In a study of nest box users in 
Canberra, Grarock et al. 2013 found spatial segregation between common myna and native 
bird species along an urban gradient and attributed that pattern in part to competition, but 
aggression was not explicitly quantified. In Sydney, Lowe et al. 2011 also found that mynas 
occupied few natural tree hollows in remnant forest patches and suggested mynas were not 
more aggressive than native species; however aggression was only quantified in foraging 
areas, and not around nesting sites. Pell and Tidemann et al. (1997) investigated natural 
hollow use and aggression in urban parks containing open woodland and found that mynas 
did display more aggression and occupy more tree hollows than native species. However, 
competition between cavity-nesting species in these studies are limited to a few species and 
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the importance of interactions in structuring cavity breeding communities is not well 
understood.  
Trying to assess the importance of invasive species competition and aggression is 
particularly interesting in an Australian context due to the presence of many highly 
aggressive native species (Tilman, 1982; Bengtsson, 1989; Kath et al., 2009; Low, 2014). 
Aggressive interactions among native species, in both natural and human-modified 
environments, have been shown to influence bird community composition, functional 
diversity, and nesting success (Tilman, 1982; Kennedy & White, 1996; Dhondt & 
Adriaensen, 1999; Shochat et al., 2010). In particular, the noisy miner (Manorina 
melanocephala), a native honeyeater, is a colony-nesting, despotic, urban adapted member of 
the honey-eater family (Montague-Drake et al., 2011; Haythorpe et al., 2014). These birds 
breed cooperatively, and family groups control large territories by attacking almost any 
animal that moves through (Howes & Maron, 2009; Maron et al., 2013). The noisy miners 
use semi-open and open habitats, including those created by urbanization and these birds 
have been attributed in driving significant changes in bird community composition (Grey et 
al., 1997, 1998; Kath et al., 2009; Oldland et al., 2009; Haythorpe et al., 2014).  
While invasive-native impacts are often attributed to aggression (Pell & Tidemann, 
1997a; Grarock et al., 2012), the mechanisms driving inter-species aggression and 
competition has not been examined across entire cavity-nesting communities in a systematic 
way. Hollow breeding communities present an excellent opportunity to explore how niche 
space governs competition and interaction networks as the communities are well defined, the 
species must interact around tree hollows, and the nesting requirements of each species are 
relatively well known (Higgins, 1999; Gibbons & Lindenmayer, 2002). Therefore, in order to 
better understand the interaction network of urban hollow breeding birds and the impact that 
invasive species are having on native birds, our study had the following aims: 
1. Quantify aggressive interaction webs around tree hollows in urban environments.  
2. Investigate the role that body weight and niche overlap play in aggressive interaction 
frequencies and their outcomes.  
3. Examine whether invasive species are more or less aggressive around nest sites than 
other urban adapted cavity-nesting species. 
 
While collecting field data on all inter-specific interactions is difficult for such a widespread 
species such as the common myna, understanding the drivers of competition intensity for tree 
hollows can help predict which species are most likely to compete with common myna.    
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Methods 
Study sites 
Aggressive inter-specific interactions around natural hollows in large trees were observed at 
eight sites across southeast Queensland (Figure 2.1). We selected all study sites based on the 
presence of large old eucalyptus which had visible hollows and were observable from public 
roads or parks. These hollows were assumed to be a potential nesting site if birds displayed 
behaviours often associated with breeding around the hollows (Manning et al., 2004). Each 
site was visited ten times during the peak breeding months for common mynas from 
September 2015 and March 2016. The number of trees at each site varied from one to eight, 
so for sites with multiple trees, a central location was found from which the greatest number 
of trees could be observed simultaneously. Observations were made by one observer, from a 
distance of 10-20 m from the focal trees with 8 x magnification Nikon Monarch binoculars. 
At all sites, evidence of nesting was observed including carrying nesting materials into 
cavities, cavity excavation, carrying food into cavities and the presence of fledglings coming 
and going from cavities.  
During each visit, we observed trees with natural hollows for one hour. During each 
visit, all bird species seen in the focal trees over the hour were identified to quantify the local 
community composition. We recorded every interaction involving two or more species, with 
interactions defined as one species flying at or within 50 cm of another species. For each 
interspecies interaction, we recorded the species and the number of individuals involved. We 
recorded which species initiated the interaction and which species was the recipient. For each 
species in each interaction, the behaviour was recorded (swoop, contact, chase, fight or 
physical contact, threat, displace, avoid), and an outcome was determined for each species 
(win, lose, no effect). “Swoop” was defined as one species flying within 50 cm of another 
species, but did not land. “Contact” was defined as an individual flying at and making contact 
with another individual. “Chase” was defined as one individual displacing another individual 
from a branch and pursuing the displaced individual in flight. “Fight” was defined as multiple 
contacts between individuals. “Threat” was defined as one individual perched and making 
alarm calls or making physical displays (ex. Sulphur-crested cockatoo flaring its head crest). 
“Displace” was defined as one individual flying at another and displacing it from its perch. 
“Avoid” was defined as an individual flying away from a species which was flying toward it 
(ex. in response to a swoop). A loss was determined if a species flew from its location. If the 
recipient species showed no response (no alarm call, no movement toward or away from the 
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initiating species) it was considered as having “no effect” for that species and a “loss” for the 
species that initiated the interaction. Many species and individuals were observed interacting 
that were not visibly breeding in the tree, including many non-hollow breeding birds. We also 
recorded all birds that visited the tree, whether they interacted with another species or not, to 
record the available species pool.  
 
 
 
Figure 2.1. Map of the study sites in southeast Queensland. Each site was visited for at least 
eight weeks over from September 2015-March 2016. Sites were determined by the presence 
of large old trees with visible hollows which birds were seen entering, such as the tree 
pictured from Dutton Park. Some of the common species in Dutton park include (from top to 
bottom) rainbow lorikeet, little corella, and the invasive common myna. Image: google earth 
satellite image, downloaded August 2017.  
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Inter-specific breeding niche overlap  
The overlap in a theoretical breeding niche between species was built using the niche overlap 
model proposed by Geange et al. (2011). This approach can accommodate both categorical 
and continuous species traits to calculate the niche space occupied by a species. For each 
species pair, the model calculates an overlap score from 0-1 for each trait with zero 
representing no overlap in niche space, and a value of one being complete niche overlap. 
Overall niche overlap for each species pair is then calculated using the mean of the overlap of 
all traits. The statistical significance of the niche overlap is also calculated for each species 
pair (Quinn & Keough, 2002; Geange et al., 2011).  
Data on cavity characteristics were found for 83/114 cavity breeding Australian 
species (Appendix A). The majority of the data came from the Handbook of Australian and 
New Zealand Birds (HANZAB; Higgins, 1999). For species that did not have trait data in the 
HANZAB, a google scholar search was performed with the species common name, species 
scientific name and the keywords “nesting”, “nest”, and “breeding”. Species which did not 
have data on breeding sites or cavity characteristics in published studies used data from bird 
breeders including data on preferred nest box dimensions. Species that required data from 
sources other than HANZAB were the dollar bird (Eurystomus orientalis), pale-headed 
Rosella (Platycercus adscitus), Australian king parrot (Alisterus scapularis), and red-rumped 
parrot (Psephotus haematonotus; see Appendix A for information on all trait data sources). 
We included species in the model for which there was data on all traits, which included body 
mass in grams (min, mean, maximum), cavity entrance diameter in centimetres (minimum, 
mean, and maximum), breeding months, whether a species was an obligate cavity nester (yes 
or no) and nesting location (tree hollow, man-made structure, underground burrow). Species 
which had data missing for any of the traits were not included in the analysis of niche 
overlap. For example, the Rock dove is listed as a hollow nester and was observed entering 
hollows at our Gatton study site. However, as it is not an obligate cavity-nesting species, and 
there is no data on the dimensions of hollows it will nest in, and therefore it is not included in 
the analysis of niche overlap.  
 In order to examine how niche overlap values clustered in the studied avian 
community, we calculated frequency distributions of niche overlap scores for (1) all cavity-
nesting birds observed across the sites (including those not observed interacting), (2) the 
cavity-nesting species recorded interacting, and (3) for all the observed interactions 
(including non-cavity-nesting birds). The total range for the niche overlap scores was from 
zero to one and was divided into ten equal-sized categories. The frequency of niche overlap 
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scores within each bin was then summed and plotted. The difference between cavity species 
observed interacting (“interacting species”) and the entire observed community (“All 
observed species”) was tested with a t-test assuming equal variance in Excel.  
 
Data Analysis 
For all analysis of pairwise interspecies interactions, we pooled data across all sites due to the 
low number of each inter-specific interactions at each site. Because we were interested in the 
pairwise interactions among species, interaction events with more than four birds (the max 
number of birds included one pair of each species) were removed from the interactions 
analysis. Mobbing occurrences occurred 44 times out of the 410 observed interactions. In 
order to compare aggression between species of individual species were ranked based on the 
total interactions (all interactions that species was involved in), the total number of wins, the 
ratio of wins to losses, the ratio of wins to initiated interactions, as well as the ratio of total 
wins to total interactions. We also compared the total number of species that the common 
myna, rainbow lorikeet, scaly-breasted lorikeet, and noisy miner interacted. These species 
were chosen as they were abundant in our study sites and were close in size to the common 
myna. For each of these focal species, we calculated the total number of interactions with all 
other species and the total number of interactions with other hollow-nesting species. To test if 
the larger species were more likely to initiate, or win interactions across the entire 
community, we calculated the body size difference between initiator and recipient, and 
winner and loser then took the mean of the body size differences across all observed 
interactions.  
We created network graphs to visualize the observed interaction network using the 
program “Gephi” (Bastian et al., 2009). The network graph was created using the win-lose 
data for each species pairs with the weighted line between species (nodes) representing the 
count of interactions which were won by each species. Species that won more interactions 
against another species have a thicker line. The observed network was built by creating a 
species-species directed edge list in Excel in which each species pair was entered as a row 
that contained the species that won the interaction, the species that lost the interaction, and 
the count of the number of times the first species won against the second species. The list was 
then converted to a weighted matrix using the package “igraph” (Csardi & Nepusz, 2006) in 
the programing language R (R Core Team, 2015).  
Generalized additive models were used to explore the relationship between interaction 
frequency and outcome with species traits (niche overlap and the difference in body size). 
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The first model tested for a relationship between interaction number as the response variable 
and the difference in body mass and niche overlap as the explanatory variables. The second 
model used the number of wins each cavity-nesting species had against another species as the 
response variable and the difference in body size (winner minus loser) between the two 
species as the response variable. Generalized additive models were used because of the 
hump-shaped relationship between explanatory variables and the count of interactions and 
wins (Figure 2.4; Zuur et al., 2011). Interactions between species pairs were pooled at the site 
level, to account for the spatial and temporal autocorrelation in our interaction data which 
likely tracked the same individuals nesting in specific cavities over the season at each site. 
“Site” was included as a random factor in all models.  
 
Results 
Inter-specific interactions in urban trees 
We conducted observations of species interactions around natural hollows across eight sites 
in SE QLD, for a total of 80 hours. We observed a total of 25 trees which had a total of 71 
observed hollows. We recorded 4758 individuals, 75 species and 410 interactions between 48 
species (Figure 2.2). A total of 18 obligate cavity-nesting birds were recorded interacting 
with other species participating in 50 % of all interactions despite being only 37.5% of the 
interacting species pool, and 24 % of the total species pool. Ten of the observed cavity 
nesters were parrots (Psittaciformes), two were starlings (Sturnidae), two species were ducks 
(Anatidae), the tree martin is a member of swallow family (Hirundinidae), the laughing 
kookaburra is in the kingfisher family (Alcedinidae), and the dollarbird is in the roller family 
(Coraciidae). One cavity-nesting mammal, the squirrel glider (Petaurus norfolcensis), was 
observed once. More abundant bird species were observed in more interactions (Figure 2.3). 
The most common interaction behaviour, swooping, was observed 220 times. While 
we recorded 103 chases between species, we found that actual physical contact between 
individuals of different species was relatively rare, occurring 33 times out of 410 observed 
interactions. Fights were very uncommon occurring six times. Most species recorded in the 
tree were observed interacting with another species, with 64% of the observed species were 
involved in at least one interaction. Non-cavity-nesting species were involved with 204 out of 
the total 410 interactions we observed. Of the top ten most frequently interacting species 
(Table 2.1), four were non-cavity nesters including the noisy miner, the Torresian crow 
(Corvus orru), magpie-lark (Grallina cyanoleuca), and Australian magpie (Cracticus 
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tibicen). The native noisy miner was the second most frequently observed interacting species, 
involved with 118 out of 410 interactions. Noisy miners interacted with 26 other species 
representing 34.6 % of all species observed and 54.1 % of the interacting species. Of all the 
observed interactions noisy miners were recorded initiating the most number of interactions, 
had the second most number of wins, and were the most likely to win an interaction which 
they had initiated. The noisy miner was observed at all sites and was observed interacting 
with 26 different species, 11 of which were cavity nesters. The non-native cavity breeding 
species in our study sites included the common myna, common starling, rock dove (Columba 
livia) and long-billed corella (Cacatua tenuirostris). Although the long-billed corella is an 
Australian species, the species population in our study region is the result of escaped pets. 
None of the other non-native species occurred across all the study sites. 
Of the cavity-nesting species, the common myna was involved in the third largest 
number of interactions and had the highest number of wins making it the most successfully 
aggressive cavity-nesting species (Table 2.1). The rainbow lorikeet, scaly-breasted lorikeet 
(Trichoglossus chlorolepidotus), had more total interactions than the common myna but had 
fewer total wins (Table 2.1). Relative to all other species the common myna was the sixth 
most successful aggressive species (wins/total interactions; Table 2.1). However, considering 
the number of interactions won relative to the number of interactions it initiated, the common 
mynas were the second most aggressive species after the noisy miner. The common myna 
was also recorded interacting with more species than other abundant species in our study 
sties. Common mynas interacted with 23 other species, including 14 cavity-nesting species, 
while the native rainbow and scaly-breasted lorikeets interacted with only ten other cavity-
nesting species, and pale-headed rosellas interacted with just five cavity-nesting species 
(Table 2.2).  
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Figure 2.2. Interaction frequency between species observed in large, hollow bearing urban 
trees. Species are represented as nodes (circles) and interactions between species are lines. 
Node size is the relative body size of each of the species. Lines are weighted as a proportion 
of total interactions observed between all species. a) All observed species with cavity species 
in the centre ring and non-cavity nesters in the outer ring, b) only cavity-nesting species. 
Invasive species are in bold. Four species common names are abbreviated as four letter codes 
(ex. common myna = CoMy, rainbow lorikeet = RaLo). A full list of the species and codes 
are in Appendix A. 
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Theoretical breeding niche overlap 
The theoretical niche overlap was calculated for 21 cavity-nesting species resulting in 210 
niche overlap scores. Significant niche overlap (p ≤ 0.05) was found between eight species, 
and high niche overlap (p ≤ 0.10) between another nine species (Table 2.3) such that 16/18 
species had high niche overlap with at least one other species. The common myna showed 
significant overlap with the pale-headed rosella, and high niche overlap with the rainbow 
lorikeet, scaly-breasted lorikeet, and common starling. Interestingly, the long-billed corella 
showed significant niche overlap with both the little corella and the sulphur-crested cockatoo. 
We did not have enough breeding data to model the niche space of the rock dove. The lack of 
data is likely because the rock dove is not an obligate cavity nester, and little known about the 
characteristics of the tree hollows they occasionally use.  
The frequency distribution of the niche overlap scores for all observed birds shows a 
unimodal distribution for the all the cavity-nesting species observed during the survey, the 
species which were recorded interacting, and all recorded interactions (Figure 2.5). Species 
which were observed interacting had a higher niche overlap than the entire species pool (all 
species observed in the trees during the surveys; df = 100, t = 2.048, p = 0.022). The mean 
niche overlap value of interacting species (0.430 ± 0.13) was higher than the entire species 
pool (0.391 ± 0.12). The median niche overlap value for all observed interactions was 0.472 
(± 0.12) with 69.3% of observed interactions between species pairs that had a niche overlap 
value larger the 0.5.  
The common myna interacted most frequently with the three native species (pale-
headed rosella, the rainbow lorikeet, and scaly-breasted lorikeet) which it had niche overlap 
with (Table 2.3). The common starlings were not abundant across our sites, and we did not 
observe any interactions between common myna and common starling in our study sites. 
 
Factors influencing interaction frequency and outcome 
Breeding niche overlap showed a positive relationships with inter-specific interaction 
frequency (r2 = 0.006, chi-sq = 51.36, p ˂ 0.001; Table 2.4). Interaction outcome showed no 
relationship with body size (r2 = -0.007, chi-sq = 0.488, p = 0.626). Across all species, the 
species which initiated the interaction was on average 27.6 g smaller than the recipient, and 
the species which won the interaction was 51.3 g larger (Figure 2.6). The common myna is 
113 ± 30 g, which places it in a similar body size category to many native species such as the 
noisy miner (71.3 ± 27 g), the rainbow lorikeet (126 ± 44 g), scaly-breasted lorikeet (86.9 ± 
10 g) and close to the median body size of all species is 123 g (Figure 2.7).  
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Figure 2.3. The total number of individuals observed for each species vs the number of 
interactions that species was involved with pooled across all surveys. More abundant species 
were involved in interactions. The total number of interactions each species was involved in 
was positively correlated with the total abundance across all surveys.  
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Figure 2.4. The total number of wins and losses for each species, ranked by the total number 
of wins. The common myna had the most number of wins, followed by the noisy miner.  
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Figure 2.5. Interactions occurred more frequently between species which had a higher nice 
overlap. Niche overlap frequency distribution calculated for a) all the cavity-nesting species 
observed during the survey (all observed species), the species which were recorded 
interacting (interaction species) and b) all recorded interactions (all interactions). The mean 
niche overlap of interacting species was 0.430 and was significantly larger than the niche 
overlap all observed species 0.385 (df = 100, t = 2.048, p = 0.022). The mean for all 
interactions was 0.472.  
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Figure 2.6. The median body size difference between interacting species. Birds that won 
their interactions were larger than the species which lost (win-lose). The species that initiated 
the interaction were on average smaller than the species which was the recipient (initiate-
receive). The box plots show the median difference in body mass (g) between interacting 
species for all observed interactions. The median difference in body size between the species 
which initiated the interactions vs. the species which was the recipient of the aggression 
(initiate-receive) is -27.6 grams, while the body size difference for the species which won the 
interaction vs. the species which lost the interaction (win-lose) was 51.32 grams.  
 
 
 
Figure 2.7. The body size frequency distribution of all birds observed in the focal study trees 
(observed species) and all the birds in Queensland (All QLD species) shows a bimodal 
distribution. The observed species were a representative subsample of the Queensland bird 
community. The median body size of all species is 123 g, and the median for the observed 
species list was 193 g. Common myna body size is 113 ± 30 g, which places it in a similar 
body size category to many native species such as the noisy miner 71.3 ± 27 g. The body size 
classes were determined by diving the entire range of body size into ten equal sized classes. 
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Table 2.1. Species interactions and outcomes around natural hollows for the ten most frequently interacting species. While rainbow lorikeets 
were observed interacting the most (total interactions), they did not win as many of the interactions as the common myna (total wins). Based on 
the wins to loss ratio and wins to total interaction ratio, the common myna is in the top five most aggressive species and wins the second most 
number of interactions it initiates. By most metrics the common myna is comparable to highly aggressive native species such as the noisy miner.   
 Total interactions Wins Losses Initiations Wins / loss Wins / total Wins / initiation 
Species # rank # rank # rank # rank # rank # rank # rank 
Rainbow Lorikeet 114 1 38 3 76 1 39 3 0.5 2 0.33 2 0.97 7 
Noisy Miner 110 2 45 2 65 2 84 1 0.69 4 0.41 4 0.53 1 
Common Myna  105 3 56 1 49 4 72 2 1.14 6 0.53 6 0.77 2 
Scaly-breasted Lorikeet 78 4 18 6 60 3 20 6 0.3 1 0.23 1 0.90 4 
Little Corella 44 7 27 4 17 5 30 4 1.59 8 0.61 8 0.90 4 
Galah 36 6 23 5 13 6 25 5 1.77 9 0.63 9 0.92 6 
Torresian Crow 29 5 12 8 17 5 12 8 0.71 5 0.41 5 1.00 8 
Magpie-lark 25 9 18 7 7 9 15 7 2.57 10 0.72 10 1.20 9 
Sulphur-crested Cockatoo 22 8 12 9 10 7 15 7 1.2 7 0.54 7 0.80 3 
Australian Magpie 12 10 4 10 8 8 3 9 0.5 2 0.33 2 1.33 10 
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Table 2.2. Common myna showed more aggression towards other species compared to most 
of the native cavity-nesting species with levels of aggression similar to the noisy miner. 
Common myna interacted with the most number of other species of all the hollow-nesting 
birds. Noisy miners are included for comparison, as they are often listed as despotic urban 
birds. The other focal species included here are pale-headed rosella and scaly-breasted 
lorikeet. Focal species are those species with body sizes closest to common myna.  
Focal species 
Inter-specific 
interactions 
Interactions with hollow 
nesters 
Common myna 23 14 
Rainbow lorikeet 13 10 
Pale-headed rosella 7 5 
Scaly-breasted lorikeet 15 10 
Noisy miner 26 11 
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Table 2.3. Inter-specific breeding niche overlap scores and the number of interactions between species. Niche overlap between species based on 
species traits related to breeding. The top of the matrix is the number of interactions between species. The bottom of the matrix is the niche 
overlap score, with high niche overlap scores in dark grey. Invasive species are in bold. Four species common names are abbreviated as four 
letter codes (ex. common myna = CoMy, rainbow lorikeet = RaLo). A full list of the species and codes are in the appendix.  
 
 AuKP CoMy CoSt Doll Gala GrTe LaKo LiCo LBCo NaKe PaBD PHRo RaLo RRPa SBLo SCCo TrMa YTBC 
AuKP X 1           1  2    
CoMy 0.505 X  3 8 1  5   2 7 29 6 11 2   
CoSt 0.283 0.632* X           2  1   
Doll 0.568 0.595 0.329 X    1           
Gala 0.691** 0.551 0.301 0.452 X 1  7    1 8 3 1    
GrTe 0.368 0.260 0.532 0.219 0.356 X    1         
LaKo 0.409 0.380 0.580 0.325 0.518 0.781** X  1    2      
LiCo 0.393 0.474 0.250 0.432 0.583 0.381 0.315 X     15 1 5    
LBCo 0.489 0.535 0.408 0.574 0.541 0.494 0.426 0.759** X    1  2    
NaKe 0.415 0.432 0.631 0.388 0.357 0.666* 0.799** 0.241 0.375 X         
PaBD 0.384 0.292 0.491 0.212 0.347 0.688** 0.584 0.264 0.349 0.505 X        
PHRo 0.510 0.777** 0.526 0.575 0.673* 0.272 0.386 0.556 0.568 0.415 0.257 X  1 1    
RaLo 0.301 0.680* 0.579 0.395 0.439 0.241 0.351 0.314 0.307 0.421 0.261 0.651 X  36  1 1 
RRPa 0.419 0.545 0.454 0.560 0.358 0.370 0.397 0.367 0.477 0.453 0.229 0.522 0.292 X 1    
SBLo 0.516 0.654* 0.453 0.496 0.679 0.168 0.238 0.498 0.493 0.242 0.240 0.703* 0.678* 0.658* X 1   
SCCo 0.465 0.507 0.373 0.491 0.488 0.417 0.353 0.676** 0.796** 0.399 0.398 0.475 0.290 0.461 0.443 X   
TrMa 0.456 0.587 0.408 0.593 0.425 0.326 0.412 0.406 0.583 0.372 0.230 0.580 0.335 0.604 0.500 0.484 X  
YTBC 0.649 0.463 0.233 0.480 0.663* 0.355 0.377 0.463 0.547 0.311 0.386 0.438 0.228 0.377 0.491 0.619* 0.401 X 
*high niche overlap (p ≤ 0.1); ** significant niche overlap (p ≤ 0.05) 
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Table 2.4. Results of generalized additive models exploring the relationship between cavity-
nesting response variables (interaction frequency and number of wins) with explanatory 
variables (niche overlap and difference in body size). Models which included smoothing 
terms for niche overlap had higher deviance explained. In a) niche overlap showed a 
significant positive relationship with interaction frequency. In b) win frequency is the 
response variable and body size difference in the explanatory variable but was not significant 
in a generalized linear model with a negative binomial error distribution.  
 
Response 
variable 
Explanatory 
variable 
Deviance 
explained 
R 
squared 
edf Ref.df Chi.sq p 
Interaction 
frequency  
Breeding 
niche overlap 
22.9% 0.006  7.758 8.581 51.36 4.25E-08 
Number of 
wins 
Difference in 
average body 
size 
3.59% -0.007 
 
0.001 0.002 0.488 0.626 
 
 
Discussion 
This work created the first interaction web for an invaded urban cavity breeding bird 
community in Australia and explore how differences in functional traits (i.e., theoretical 
breeding niche and body size) inform interaction frequency and outcome. The aggressive 
interaction webs in large urban trees in southeast Queensland show a moderately connected 
community dominated by a few aggressive species which included both cavity and non-
cavity-nesting species. The most abundant invasive species in our study sites, the common 
myna, exhibited high levels of aggression toward other species, a pattern found in other parts 
of its invasive range (Pell & Tidemann, 1997b). The aggressiveness of the common myna 
around nesting sites observed here helps explain previous work showing that species has been 
able to compete successfully and establish in habitats with native species with similar nesting 
requirements (Pell & Tidemann, 1997a; Grarock et al., 2013b; Orchan et al., 2013).  
In our study, the average body size difference was generally not a significant predictor 
of interaction outcome, but across all interactions, the species which won was 51 g larger 
than the losing species. While the influence of body size over the control of nest sites 
(Edworthy, 2016) and of food resources more generally (Griffin et al., 2012; Haythorpe et al., 
2012; Miller et al., 2017) has been established, more observations may be needed before the 
relationship between body size and outcome is understood for cavity-nesting species in 
Australia. The common myna (113 ± 30 g) won most of the interactions with the rainbow 
lorikeet (126 ± 44 g), the native species closest in size. While the mean body weight of the 
rainbow lorikeet is larger, there is a large overlap in body size range between the two species. 
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In our sites, the common myna can dominate interactions by being more aggressive allowing 
it to occupy hollows that would otherwise be suitable for the rainbow lorikeet.  
The species observed interacting most frequently, in over a quarter of all interactions, 
was the native noisy miner, a honeyeater. As a nectarivore, noisy miners have incentives to 
defend territories with large urban gum trees that provide seasonal nectar resources when 
flowering (Mac Nally & Timewell, 2005; Low, 2014; Davis et al., 2015). The most common 
cavity-nesting species across our sites were similar in size or larger than the noisy miner 
(71.3 g), which may help them cope with noisy miner aggression. The extent to which cavity 
breeding birds are excluded from urban habitats by other urban-adapted species has not been 
studied explicitly, but we found cavity-nesting species, like all urban bird species, are subject 
to high levels of miner aggression. The high levels of aggression demonstrated by noisy 
miners and other native species around resources such as food (Griffin et al., 2012), 
highlights the high levels of aggression demonstrated by native species. However the 
importance of aggression in structuring communities is mostly inferred from patterns of 
habitat occupancy (MacDonald & Kirkpatrick, 2003; Maron et al., 2013; Joyce et al., 2018), 
and more studies doing direct observation of aggressive interactions are needed to understand 
how different levels of aggressive interactions influence different species.   
 The two most aggressive species, noisy miners and common mynas, interacted with 
similar numbers of species, highlighting that mynas are more aggressive than many native 
cavity nesting species. High levels of myna aggression in the breeding context observed here 
are in contrast to myna behaviour in the foraging context, with little aggression observed 
between common myna and other ground-foraging native species (Lowe et al., 2011; Sol et 
al., 2011; Haythorpe et al., 2012). While mynas in our study sites were highly aggressive 
around tree hollows this behaviour was only quantified during the breeding season and 
competitive impacts are likely to be different in other habitats and at other times of the year. 
When evaluating the impact of different species aggression on native communities, some 
native species may be able to reduce competition with common myna by breeding in different 
locations or at other times of year (Higgins, 1999; Lowe et al., 2011; Grarock et al., 2013a). 
However, avoiding aggression by noisy miners may be more difficult as they hold territories 
year round.  
 
Aggression among cavity-nesting birds 
Across our study sites, we recorded 18 cavity nesting interacting. The most abundant species 
were rainbow lorikeet, common myna, and scaly-breasted lorikeet (Figure 2.2). The overlap 
Andrew Rogers  PhD Thesis 
50 
 
in the theoretical breeding niche between species showed that most observed cavity-nesting 
species had high niche overlap with at least one other species. Species pairs that had higher 
breeding niche overlap scores were more likely to interact, even when we controlled for 
species abundance. While we could not confirm all individuals we observed interacting 
around tree hollows were breeding, especially for highly abundant species like the rainbow 
lorikeet, we did observe behaviours associated with breeding for all the interacting cavity-
nesting species at each site.  
The best evidence for negative impacts of common mynas on Australian species is 
through competition for nesting sites (Pell & Tidemann, 1997a; Grarock et al., 2013a; Orchan 
et al., 2013), a result supported by our work. Like other widespread invasive species, the 
impacts are likely to differ depending on the local context in which the birds are nesting 
(Koenig, 2003; Linz et al., 2007), the density of mynas, population-level variation in 
aggressiveness, and availability of cavities (Martin & Eadie, 1999; Lõhmus & Remm, 2005; 
Davis et al., 2013).  While mynas in other regions show a preference for nesting in artificial 
structures (like buildings), in southeast Queensland it appears that some proportion of mynas 
choose to nest in, or are aggressive enough to compete for natural hollows. These individuals 
are likely to have the greatest impact on native species and efforts to manage or mitigate the 
impact of invasive species should focus on places where these mynas nest.   
The common myna was not the only recent addition to the cavity-nesting community 
we observed. The other invasive and feral species in our study sites, common starling, rock 
dove were present at some, but not all of our sites. Additional native species have been added 
to the local species pool such as little corella, long-billed corella, and galah which have 
recently expanded their populations and ranges along the coast following the expansion of 
agriculture and urbanization. Additionally, local species such as the rainbow lorikeet have 
increased in population over the last few decades (Shukuroglou & McCarthy, 2006), and the 
impact of such changes on other native cavity-nesting birds has not been investigated. The 
available niche space in urban areas has likely gotten a lot more crowded (Czajka, 2011; 
Batalha et al., 2013; Letten et al., 2015), and in total we found that five native species out of 
the 18 species observed interacting have high niche overlap with invasive, and native species 
which historically did not occur in our study sites. However, even the addition of species with 
non-significant overlap in breeding niches are also likely to increase the total interactions 
around hollows by further dividing already crowded niche space (Russell et al., 2014). Such 
species additions increase the complexity of the community interaction webs, the impact of 
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individual invasive species, and how those species should be managed (Orchan et al., 2013; 
Russell et al., 2014; Doherty et al., 2015).  
Predicting the impact of invasive species, particularly widespread species can be 
difficult as invasive species spread into novel environments and communities (Linz et al., 
2007; Urban et al., 2008). Understanding where and when such impacts occur supports 
targeted management efforts to mitigate for those impacts (Sullivan, 2014). In our study sites, 
common myna interacted most frequently with species which shared preferences for nesting 
sites. This suggests that predictions of myna impacts can be made and tested across its 
invasive range in Australia, and similar work can be done for other widespread invasive 
species such as the common starling, or potentially invasive birds that have been recorded in 
Australia but are not yet established, like the rose-ringed parakeet (Psittacula krameri: Vall-
llosera et al., 2017). The theoretical breeding niche overlap model we used does not include 
data on species habitat preferences, and assumes that bird species are likely to overlap. Thus 
it only to reflect overlap in breeding niche for species that are likely to chose the same tree. 
The benefit of this modelling approach is that if more data existed, such as habitat preference, 
it could be incorporated into this model (Geange et al., 2011).  
This study is the first to map the aggressive interaction network in large urban trees in 
Australia, providing insight into the complex interaction network in large old urban trees. 
Cavity breeding species must compete with a wide range of native and non-native species for 
habitat space and nesting space in highly modified environments (Parsons et al., 2006; 
Hernandez-Brito et al., 2014; Barth et al., 2015; Schütz & Schulze, 2015). Despite the 
presence of many cavity breeding species across our study sites, southeast Queensland is 
home to 46 cavity-nesting species of which we only found 18 occupying cavities across our 
study sites, and further work on interactions will be needed to test how general the patterns 
we observed are for other cavity nesting communities. While quantifying the interactions 
between all cavity-nesting species would be extremely difficult (Ings et al., 2009b), the 
relationships demonstrated here between breeding niche overlap and interaction frequency 
provide the first analysis of how trait-based drivers of competition can be useful in 
understanding invasive species impacts for invasive cavity-nesting birds.  
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Chapter 3  
Incorporating species interaction networks into 
conservation: The cavity breeding community of 
Tasmania as a case study 
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Abstract 
The ecological impact of the majority of bird introductions across Australia remain 
unstudied. Tasmania has the highest number of invasive cavity-nesting birds but little work 
has been done to predict how these introductions have impacted native cavity-nesting birds. 
This chapter addresses this gap by applying the framework from the first chapter and 
provides the first assessment of how the invasion of Tasmania has impacted native cavity-
nesting community. The island of Tasmania is home to 27 cavity-nesting birds, three of 
which are endangered, seven are introduced alien species, and additional species like the 
common myna (Acridotheres tristis) make regular incursions to the island. Here I review the 
known and likely interactions between invasive and native cavity nesting species at the 
community level for the first time. To achieve this I reviewed all published inter-species 
interactions, and built a theoretical breeding niche model to examine which species are likely 
competitng for nesting sites. The breeding niche overlap was calculated for all 27 cavity-
nesting birds on the island. We found 52 cases of high niche overlap (p ≤ 0.10) and 30 
instances of significant niche overlap (p ≤. 0.05) between species, such that all species share 
preferred breeding sites with other species. We also found 34 inter-specific interactions 
reported in the literature, including 20 invasive-native interactions. Non-native species have 
high breeding niche overlap or are known to compete with 13 native species, around 65% of 
the native cavity-nesting community. The addition of multiple invasive species increases the 
number species pairs with significant niche overlap by 76.5% compared to the uninvaded 
community, significantly changing the available niche space for most native species. Four of 
the seven invasive species had strong niche overlap with the other invasive birds, suggesting 
that they are invading an already crowded niche space. Of the invasive species, the common 
myna and common starling shared niche space or had recorded interactions with the greatest 
number of species, including threatened species. Only six of 52 species pairs (11.5%) with 
high niche overlap had been studied in the field, highlighting the need to examine and 
understand species interactions in the field. While invasive species, such as the common 
starling, have been shown to compete for nesting space with threatened species in Tasmania, 
the entire cavity breeding community is experiencing higher rates of competition for nesting 
hollows due to the addition of multiple invasive species. Significantly overlapping niche 
scores could be used to test predictions of invasive species impacts, prioritize field research, 
and inform species management actions for poorly studied species.  
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Introduction 
Predicting the impact of invasive species on native species and communities is a common 
goal in invasion ecology (Kolar & Lodge, 2001; Romanuk et al., 2009), with important 
implications for managing species and habitats. Understanding the extent to which introduced 
species interact with native species has important consequences for predicting community 
structure and stability in the face of ongoing human-mediated environmental change (Petchey 
et al., 2008; Batalha et al., 2013; Sanz-Aguilar et al., 2015). However, quantifying the direct 
and indirect interactions between introduced species and native species is often limited by 
knowledge gaps about species interactions (Human & Gordon, 1996; Howes et al., 2014). 
Improving our understanding of the interactions between invasive and native species is 
needed in light of limited research funds and a need to prioritize management efforts.  
Competition between species can be an important way in which invasive species 
impact local communities (Human & Gordon, 1996; Stokes et al., 2009; Strubbe & 
Matthysen, 2009; Charter et al., 2016). Direct, competitive inter-specific interactions can 
affect species access to resources driving changes in habitat suitability and ultimately 
community composition (Human & Gordon, 1996; Wiebe, 2003a). Competitive interactions 
are rarely quantified due to challenges in collecting data for all memebers of a community 
and evaluating the importance of interactions on an individual’s access to resources (Ings et 
al., 2009a; Kéfi et al., 2015). The outcomes of competitive interactions around shared 
resources can be governed by relationships between species traits (such as body size) and 
ecological niche space (Woodward et al., 2005; Lurgi et al., 2014; Miller et al., 2017). As the 
overlap in ecological niche space increases so does the likelihood that two species will 
interact (Brazill-Boast et al., 2010; Reif et al., 2018). By exploreing the relationships between 
resource use, species traits, and interaction frequency (Martin & Eadie, 1999; Martin et al., 
2004; Wells & Hara, 2013), the potential interactions within communities can be predicted to 
assess where and when species are likely to be interacting.  
Cavity breeding birds provide a unique community for exploring the importance of 
competitive interactions as the community is well defined, the species nesting requirements 
are relatively well known and they must compete over nesting sites which are often in limited 
supply in human-altered and even in native habitats (Gibbons & Lindenmayer, 2002; Munks 
et al., 2007; Koch et al., 2008; Goldingay & Stevens, 2009; Davis et al., 2013; Stojanovic et 
al., 2014a). Such competition can influence when and were certain species breed, and the 
outcomes of such competition can be important for species persistence in a habitat (Heinsohn 
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et al., 2003; Brazill-Boast et al., 2011; Edworthy, 2016). Most previous work on competitive 
interactions between cavity-nesting species have focused on species pairs, but multi-species 
studies can reveal complex interactions with important implications for management 
(Romanuk et al., 2009; Orchan et al., 2013).  
Around 15% Australia’s birds use tree hollows for nesting and shelter, including 13 
mammals and 29 species of birds in Tasmania (Gibbons & Lindenmayer, 2002; Koch et al., 
2008). The loss of old hollow-bearing trees in modified landscapes makes suitable nesting 
cavities a limited resource (Saunders et al., 1982; Davis et al., 2014). The island of Tasmania, 
located South of Australian mainland across the Bass Strait, holds high levels of endemism 
and is home to three threatened cavity breeding birds. Landscape scale changes in forest 
cover has significantly reduced the amount of primary forest across much of Tasmania 
(Figure 3.1) greatly reducing hollow bearing trees (MacDonald et al., 2002; MacDonald & 
Kirkpatrick, 2003) and hollow replacement on the island is slower due to fewer termites (a 
major excavator of hollows on the mainland; Gibbons & Lindenmayer, 2002). Habitat change 
and invasive species have led to the significant decline of several hollow-nesting species in 
Tasmania in recent decades, including, those of the forty-spotted pardalote, the swift parrot, 
the orange-bellied parrot and other birds and mammals (MacDonald & Kirkpatrick, 2003; 
Stojanovic et al., 2014b; Heinsohn et al., 2015), but the relative importance of competition 
with invasive species relative to the other threating processes is unclear.  
Following extensive habitat clearing, a number of invasive species have established 
on the island and while a few invasive species cause significant problems for select native 
species (Holdsworth, 2006; Stojanovic et al., 2014b, 2018; Edworthy, 2016) the impact of 
most species introductions have not been studied. Tasmania has eight introduced cavity-using 
species, including one mammal and seven birds (Figure 3.1., Koch et al., 2008). Non-native 
cavity breeding birds on the island of Tasmania include the common starling (Sturnus 
vulgaris), common myna (Acridotheres tristis), laughing kookaburra (Dacelo novaeguineae), 
long-billed corella (Cacatua tenuirostris), little corella (Cacatua sanguinea), galah (Eolophus 
roseicapilla) and rainbow lorikeet (Trichoglossus moluccanus) (Koch et al., 2008). Some 
species, such as the galah, rainbow lorikeet, and corellas, may have dispersed to or were 
released into Tasmania recently, due to the island’s close proximity to mainland Australia 
(~200 km; Koch et al., 2008). Species such as the common starling was introduced by 
acclimatization societies during early European settlement (Duncan et al., 2001), and is 
known to compete for nesting space with native species (Holdsworth, 2006; Stojanovic et al., 
2018). The common myna, which is abundant in south-east Australia, makes regular natural 
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incursions (as opposed to being intentionally introduced) into the island but has not yet 
established breeding populations thanks in part to rapid response control programs 
(Tasmanian Government, 2017). 
 
Figure 3.1. Map showing the habitat loss in Tasmania and the non-native cavity breeding 
birds in Tasmania. Invasive species most frequently establish in modified habitats. The 
European starling and the common myna rarely invade far into unfragmented forests. 
Agriculture (tan colours), forestry (light green and yellow) and urban areas (grey) have 
modified and fragmented large parts of the island. Seven species of non-native cavity 
breeding birds have been recorded in Tasmania representing an increase of 35 percent in the 
number of cavity breeding birds. Australian introduced species clockwise from top left; little 
corella, galah, rainbow lorikeet, laughing kookaburra, long-billed corella. Non-Australian 
species from top to bottom; Common starling, common myna. Map source: 
https://dpipwe.tas.gov.au/agriculture/land-management-and-soils/land-use-
information/background. Photos: Common myna, galah, kookaburra, little corella, rainbow 
lorikeet- A. Rogers, long-billed corella - David Jenkins, galah - Jeroen Stel, European 
starling - Roberto Hofman 
 
Competition in the form of aggressive inter-specific interactions can have important 
impacts on threatened species breeding dynamics in Tasmania by influencing species use of 
hollows in particular habitats (Woinarski & Rounsevell, 1983; Stojanovic et al., 2014b; 
Heinsohn et al., 2015; Edworthy, 2016). However, little is known about how competition 
influences the nest site choice and habitat use by many common species, including several 
endemic birds. Inter-specific interactions have been shown to influence the nest site choice 
and reproduction of the swift parrot, orange-bellied parrot, and the forty-spotted pardalote. 
Competitive interactions around hollows have been documented between threatened forty-
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spotted pardalote and native striated pardalote (Edworthy, 2016). Competition between 
invasive common starling and swift parrots, and orange-bellied parrots have been 
documented (Green et al., 2013). While most common species are assumed to be doing fine 
in the face of high rates of habitat loss and changing community composition the importance 
of competition for nesting sites is not well known for most species, creating a significant gap 
in our understanding of the impact of introduced species on the island. 
Competition over resources is in part mediated by a species ecological niche, with 
higher levels of competition observed between species with similar resource requirements 
and functional traits (Werner & Gilliam, 1984; Martin et al., 2004; Costa-Pereira et al., 2018; 
Reif et al., 2018). In Chapter 2 I demonstrated that higher overlap in breeding niche was 
correlated with higher interaction rate between species, such that niche overlap can be used to 
predict likely inter-specific interactions. The breeding niche for cavity breeding species is 
defined in part by species-specific preferences for certain cavity characteristics such as cavity 
type (ex. tree hollows, nest boxes, artificial structures), cavity entrance diameter and breeding 
months. Species traits, such as body size, reflect a species resource needs and competitive 
ability such that the overlap in traits between species also helps inform interaction frequency 
(Woodward et al., 2005; Petchey et al., 2008). The cavity preferences and species traits are 
well known for most bird species, such that theoretical models of breeding niche overlap can 
be calculated for entire communities, allowing for both inter-specific and community level 
analysis of potential interaction webs and how they are likely to change with the addition of 
invasive species.  
To better understand how the introduction of multiple invasive species has impacted 
the cavity breeding birds of Tasmania, we aimed to quantify the likely interactions between 
introduced species and native Tasmanian species our study aimed to quantify the competitive 
interactions between cavity breeding birds across the island of Tasmania. To address this aim, 
we used two approaches: First, we modeled the overlap in the breeding niche to evaluate 
shared preferences for nest sites between all species in the community. Second, we reviewed 
inter-specific interactions from the literature from Tasmania and around Australia to quantify 
what is currently known about inter-specific interactions around nesting sites. By using this 
dual approach, we generate a first community-level interaction web and generate a useful 
framework in which to evaluate potential invasive species impacts and prioritize future 
research.  
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Methods 
Overlap in breeding niche 
To estimate the overlap in the breeding niche for Tasmania’s cavity breeding birds (Table 
3.1) we primarily used cavity characteristics obtained from the Handbook of Australian and 
New Zealand Birds (Higgins, 1999). For species which did not have trait data in the 
handbook, a google scholar search was performed with the species common name, species 
scientific name and the keywords “nesting”, “nest”, and “breeding”. All species traits and 
used sources are available in Appendix S1. Whether a species was an obligate cavity nester 
(yes or no) was included as a binary trait. Categorical traits include breeding month, and 
cavity type (tree, burrow, building/artificial structure, nest box). Continuous traits include 
body mass and cavity entrance diameter.  
Overlap in breeding niche space between species was calculated in R using a model 
developed by Geange et al., (2011), which compares species traits between each species pair 
in a community. In order to compare overlap in individual traits, a probability distribution is 
generated for each trait using data to form the upper and lower bounds (ex. the minimum and 
maximum cavity entrance diameter incentimeters). The distribution of each trait is compared 
to the distribution of that trait for all other species and assigned a trait overlap score. The total 
niche overlap was calculated as the mean of all the trait overlap scores. Overlap scores range 
from 0-1 with one representing complete overlap (Geange et al., 2011). A significance score 
is calculated for each trait distribution, as well as for the total niche overlap score (Geange et 
al., 2011). 
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Table 3.1: Hollow nesting species of Tasmania, including common name, species four-letter code used in the 
figures in this paper, and the Latin name. Species in bold are non-native to Tasmania. Species marked with “**” 
are threatened or vulnerable by IUCN or EPBC (Gibbons and Lindenmayer, 2002, Koch et al., 2008) 
 
Number Common name Code Latin name 
1 Australian Shelduck AuSh Tadorna tadornoides  
2 Pacific Black Duck PBDu Anas superciliosa 
3 Grey Teal GrTe Anas gracilis 
4 Chestnut Teal ChTe Anas castanea 
5 Australian Wood Duck AWDu Chenonetta jubata 
6 Australian Owlet-nightjar AuON Aegotheles cristatus 
8 Masked Owl MaOw Tyto novaehollandiae 
9 Tasmanian Boobook TaBo Ninox leucopsis 
10 Laughing Kookaburra LaKo Dacelo novaeguineae 
11 Nankeen Kestrel NaKe Falco cenchroides 
12 Australian Hobby AuHo Falco longipennis 
13 Glossy Black-Cockatoo GlBC Calyptorhynchus lathami 
14 Yellow-tailed Black-Cockatoo YTBC Zanda funereus 
15 Galah Gala Eolophus roseicapillus 
16 Long-billed Corella LBCo Cacatua tenuirostris 
17 Little Corella LiCo Cacatua sanguinea 
18 Sulphur-crested Cockatoo SCCo Cacatua galerita 
19 Green Rosella (sub spp brownie **) GrRo Platycercus caledonicus 
20 Eastern Rosella EaRo Platycercus eximius 
21 Swift Parrot** SwPa Lathamus discolor 
22 Blue-winged Parrot BWPa Neophema chrysostoma 
23 Orange-bellied Parrot** OBPa Neophema chrysogaster 
24 Musk Lorikeet MuLo Glossopsitta concinna 
25 Rainbow Lorikeet RaLo Trichoglossus moluccanus 
26 Forty-spotted Pardalote** FSPa Pardalotus quadragintus 
27 Striated Pardalote StPa Pardalotus striatus 
28 Tree Martin TrMa Petrochelidon nigricans 
29 Common Starling CoSt Sturnus vulgaris 
30 Common Myna CoMy Acridotheres tristis 
Bold= introduced, **listed as threatened or venerable 
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Inter-specific interactions review 
To review what has already been studied for Tasmania’s cavity-nesting bird community 
review of inter-specific interactions were gathered by searching Google Scholar and ISI Web 
of Sciences with the species common name, scientific name, and the terms “nesting” and 
“competition”. Searches were conducted from March – June 2017. If two species were 
reported interacting around nesting hollows, it was recorded as a “known interaction”. 
Interactions between species from the Australian mainland were included due to the limited 
number of studies from Tasmania. Due to variation in the way competitive interactions are 
described no interaction strength was calculated, so known interactions are just reported as 
present or not present. 
 
Interaction web visualization 
The “known” and niche-overlap networks were visualized in the program Gephi (Bastian et 
al., 2009). For the known network, instances of known interactions were coded as zero or one 
(one for known interactions) and the known interactions being represented as a link between 
species nodes. For the niche overlap network, the niche overlap p-value was used as the links 
between species nodes in the network. The link weight (line thickness) depicts the relative p-
value of the inter-specific niche overlap, with thicker lines representing more significant 
niche overlaps.  
  
Results 
Breeding niche overlap 
The breeding niche overlap was calculated between the 27 cavity-nesting bird species in 
Tasmania, which included all seven introduced birds (Figure 3.2). For the entire community, 
there were in 729 inter-specific niche overlap scores (Table 3.2), of which 30 species pairs 
had significant niche overlap (p ≤ 0.05), and an additional 22 had high niche overlap (p ≤ 
0.1). There were 34 cases of high niche overlap between native species, 18 cases of high 
niche overlap between native and invasive species, and three instances of high niche overlap 
between invasive species. Non-native species had a total of 59% (31/52) of all the high niche 
overlap scores increasing the total number of significant niche overlap by 52.9% (an increase 
from 34 to 52) for the community as a whole. Species had high niche overlap with three other 
species on average and ranged from zero to eight. Niche overlap values had a normal 
distribution for the entire community suggesting that there was a high frequency of moderate 
Andrew Rogers  PhD Thesis 
61 
 
but not significant niche overlap (Figure 3.3). Of the non-native species, the common myna 
had the most number of high niche overlap scores with native species including the Australia 
owlet nightjar, eastern rosella, green rosella, swift parrot and Tasmanian boobook.  
Reviewing the published literature, we found 33 recorded examples of inter-specific 
interactions or “known interactions” (Table 3.2). These records included any time two species 
were recorded interacting around a nesting site (tree hollow or nest box), but for most 
records, there was not enough detail in the report to include the direction or impact of one 
species on another. There were 25 reported interactions between invasive and native species 
and eight reported interactions between native species. The common starling had the most 
number of known records, interacting with nine other species, including the threatened swift 
parrot, and orange-bellied parrot. The native species with the most known interactions was 
the tree martin which was reported interacting with six other species (Petrochelidon 
nigricans).  
 Six of the 33 known interactions had “high” niche overlap (p ≤ 0.1; Table 3.2). We 
found 56 species pairs that had high niche overlap but no known interaction, including six of 
the seven invasive species, such that the majority 89% of high overlap scores have little or no 
information about whether these species interact in the wild. The Australian owlet-nightjar 
and the common myna had the highest number of high niche overlap scores which have not 
been studied (eight and seven respectfully; Table 3.2). All niche overlap scores had a range of 
0.11 – 0.80, with a mean and standard deviation of 0.44 ± 0.15, while known interactions had 
niche overlap scores ranging from 0.23 - 0.77, with a mean and standard deviation of 0.39 ± 
0.28. (Figure 3.3).  
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Figure 3.2. The potential interaction webs for cavity breeding birds of Tasmania. The cavity-nesting community in Tasmania are comprised of 
20 native and seven alien birds. The recent additions to the cavity breeding network are the tan circles, native species are in blue and native-
threatened species are in green. Lines between the network nodes (species) represent a) known interactions, and b) significant niche overlap. 
Blue lines represent interactions between native species, and tan lines representing interactions between alien and native species. Green lines are 
interactions between threatened species and other species. The presence of non-native species adds 18 interactions between species and ten 
instances of high niche overlap. Species name codes are Australian Shelduck (AuSh), Pacific Black Duck (PBDu), Grey Teal (GrTe), Chestnut 
Teal (ChTe), Australian Wood Duck (AuWD), Australian Owlet-nightjar (AuON), Masked Owl (MaOw), Tasmanian Boobook (TaBo), 
Laughing Kookaburra (LaKo), Nankeen Kestrel (NaKe), Yellow-tailed Black-Cockatoo (YTBC), Galah (Gala), Long-billed Corella (LBCo), 
Little Corella (LiCo), Sulphur-crested Cockatoo (SCCo), Green Rosella (GrRo), Eastern Rosella (EaRo), Swift Parrot (SwPa), Blue-winged 
Parrot (BWPa), Orange-bellied parrot (OBPa), Musk Lorikeet (MuLo), Rainbow Lorikeet (RaLo), Forty-spotted Pardalote (FSPa), Striated 
Pardalote (StPa), Tree Martin (TrMa), Common Starling (CoSt), Common Myna (CoMy). 
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Table 3.2. The matrix of niche overlap between species (lower half) and significant nice overlap scores (>0.05; upper half). Species common 
names are abbreviated using a four-letter code, with the first two letters of each name used, or the first letter where a species name has more than 
two parts. For example common myna = CoMy, and orange-bellied parrot = OBPa. A full list of the species and their corresponding code are in 
Table 3.1. Dark table cells are the known interactions found in the literature.  
 AuON AuSh AuWD BWPa ChTe CoMy CoSt EaRo FSPa Gala GrRo GrTe LaKo LiCo LBCo MaOw MuLo NaKe OBPa PBDu RaLo StPa SCCo SwPa TaBo TrMa YTBC 
AuON X   0.04  0.04     0.03      0.04  0.07   0.07  0.00 0.05 0.02  
AuSh 0.36 X          0.10    0.00    0.04        
AuWD 0.44 0.24 X                         
BWPa 0.63 0.18 0.34 X       0.09      0.03  0.07     0.01    
ChTe 0.23 0.51 0.42 0.18 X       0.05        0.03        
CoMy 0.69 0.24 0.55 0.55 0.23 X 0.10 0.09   0.00      0.05    0.07   0.00 0.04   
CoSt 0.56 0.51 0.31 0.42 0.47 0.63 X 0.00                0.04    
EaRo 0.56 0.50 0.26 0.30 0.41 0.63 0.77 X          0.06          
FSPa 0.55 0.17 0.47 0.48 0.26 0.57 0.40 0.32 X             0.06  0.09  0.00  
Gala 0.48 0.30 0.49 0.54 0.23 0.55 0.30 0.28 0.40 X                 0.07 
GrRo 0.70 0.31 0.41 0.58 0.23 0.77 0.50 0.57 0.50 0.56 X    0.09  0.06       0.01 0.02   
GrTe 0.36 0.64 0.32 0.15 0.68 0.26 0.53 0.52 0.24 0.36 0.28 X 0.00   0.07  0.09  0.03        
LaKo 0.47 0.63 0.22 0.23 0.53 0.38 0.58 0.63 0.27 0.52 0.44 0.78 X   0.05  0.00          
LiCo 0.46 0.31 0.51 0.36 0.30 0.47 0.25 0.30 0.34 0.58 0.54 0.38 0.31 X 0.00        0.04     
LBCo 0.61 0.39 0.50 0.46 0.42 0.54 0.41 0.41 0.45 0.54 0.65 0.49 0.43 0.76 X        0.00     
MaOw 0.34 0.78 0.33 0.19 0.52 0.30 0.46 0.52 0.14 0.48 0.34 0.66 0.67 0.43 0.41 X    0.03        
MuLo 0.68 0.23 0.41 0.67 0.27 0.66 0.56 0.49 0.55 0.58 0.66 0.23 0.34 0.40 0.55 0.21 X  0.09     0.01    
NaKe 0.48 0.61 0.19 0.26 0.50 0.43 0.63 0.65 0.29 0.36 0.50 0.67 0.80 0.24 0.38 0.59 0.32 X          
OBpa 0.64 0.11 0.47 0.61 0.18 0.61 0.45 0.39 0.60 0.41 0.54 0.17 0.25 0.33 0.44 0.16 0.63 0.24 X     0.02    
PBDu 0.27 0.68 0.38 0.19 0.69 0.29 0.49 0.45 0.21 0.35 0.27 0.69 0.58 0.26 0.35 0.69 0.27 0.50 0.19 X        
RaLo 0.43 0.24 0.38 0.35 0.18 0.68 0.58 0.53 0.33 0.44 0.57 0.24 0.35 0.31 0.31 0.37 0.40 0.42 0.37 0.26 X       
StPa 0.68 0.32 0.52 0.45 0.15 0.59 0.35 0.42 0.66 0.62 0.56 0.31 0.40 0.51 0.49 0.43 0.47 0.36 0.46 0.26 0.46 X    0.03  
SCCo 0.59 0.48 0.53 0.44 0.40 0.51 0.37 0.35 0.42 0.49 0.61 0.42 0.35 0.68 0.80 0.44 0.48 0.40 0.35 0.40 0.29 0.48 X  0.10  0.10 
SwPa 0.79 0.24 0.49 0.69 0.26 0.79 0.68 0.53 0.63 0.49 0.72 0.27 0.39 0.40 0.53 0.25 0.75 0.42 0.72 0.27 0.55 0.56 0.52 X    
TaBo 0.67 0.36 0.48 0.42 0.20 0.68 0.42 0.50 0.43 0.57 0.71 0.38 0.47 0.55 0.58 0.39 0.47 0.59 0.45 0.30 0.46 0.60 0.62 0.58 X   
TrMa 0.74 0.28 0.44 0.45 0.23 0.59 0.41 0.49 0.78 0.42 0.60 0.33 0.41 0.41 0.58 0.26 0.60 0.37 0.59 0.23 0.34 0.75 0.48 0.60 0.56 X  
YTBC 0.45 0.35 0.52 0.51 0.35 0.46 0.23 0.23 0.42 0.66 0.52 0.35 0.38 0.46 0.55 0.43 0.54 0.31 0.46 0.39 0.23 0.42 0.61 0.50 0.52 0.40 X 
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Figure 3.3. Frequency distribution of niche overlap scores for all species pairs, invasive-
native species pairs, and the niche overlap scores for known interactions. An overlap 
score of one suggests a perfect overlap in the niche space occupied between two species. 
Of the 30 total known interactions (reported in the literature), niche overlap scores 
ranged from 0.23-0.77 percent overlap, with a mean and standard deviation of 0.44 ± 
0.15.  
Of the 27 species, 17 native species, including the threatened swift parrot, orange-bellied, 
and masked-owl had high niche overlap or known interaction with at least one non-native 
species, representing 85% of the native community is likely to interact with invasive 
around breeding sites. Additionally, 13 native species, 65% of the total native 
community, had high niche overlap or had a known interaction with multiple invasive 
species (Table 3.2).  
We found that the threatened swift parrot had high niche overlap with the 
common starling and common myna. The threatened masked owl had high niche overlap 
with laughing kookaburra. The endemic green rosella had high niche overlap with the 
common myna and the long-billed corella. Between invasive species, we found that the 
common myna and rainbow lorikeet had high niche overlap, as do the long-billed and 
little corella.  
 
Discussion 
Inter-specific competition around critical resources has important implications for native 
and alien species impacts and their reproduction (Wiebe, 2003b; Davis et al., 2013; 
Orchan et al., 2013). Given limited funds for non-native and invasive species 
management understanding where and when invasive species impacts are likely to occur 
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can aid in decision making and project prioritization. Our results highlight how little is 
known about inter-specific interactions and competition for the cavity-nesting 
community of Tasmania and represent the first attempt to predict how non-native species 
fit into a community of hollow breeding species. While more work is needed to test how 
strongly species with high niche overlap compete in the field, our results provide an 
approach to test hypotheses about resource use and competition. Our results show that 
non-native species in Tasmania share a significant amount of theoretical breeding niche 
space with native species, identified high niche overlap for some of the known 
interactions between threatened and invasive species, and highlights many instances of 
high niche overlap between species which have not been studied in the field.  
In our review of species interactions around nest sites, 23 of the 27 birds in our 
study have had one or more records of nest site competition observed from around 
Australia. However, our analysis of theoretical niche overlap suggests that there are 
many more instances of inter-specific competitive interactions that need to be explored in 
the field. Over one-quarter of the hollow-nesting species in Tasmania are non-native, yet 
we were only able to find records on invasive-native competition for the common 
starling, which impacts the endangered swift parrot and orange-bellied parrot 
(Holdsworth, 2006; Stojanovic et al., 2018). While the known interactions and theoretical 
niche overlap are not the same as competitive interactions, we found high niche overlap 
for several species pairs (ex. forty-spotted pardalote and striated pardalote; Edworthy, 
2016) which are known to compete aggressively in the wild. Therefore, overlap in 
preferred cavity characteristics reflects potential competitive interactions were species 
breed in the same habitats.  
Of the invasive species in Tasmania, the common starling had the most number of 
known interactions with native species, and the common myna had high niche overlap 
with the most number of species. The common starling had the most reported records of 
competition with other species from around Tasmania and Australia (Higgins, 1999; 
Holdsworth, 2006; Stojanovic et al., 2018), and determining how significant such 
competition should be a priority for invasive species research on the island. Our results 
also show that the common myna was predicted to have high niche overlap with the most 
number of species, including threatened species and endemic species, so efforts to 
prevent myna establishment on the island are very much warranted.  
We found 13 native species that had high niche overlap or had known interactions 
with multiple non-native species, including the threatened swift parrot and masked owl. 
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We also found four non-native species which had high niche overlap with multiple non-
native species, suggesting that non-native species are likely to face competition from 
other non-native birds. While all native species had at least one instance of high niche 
overlap or known interaction with at least another species, the addition of multiple non-
native species with similar breeding requirements is likely to have significantly increased 
competition for their preferred nesting sites (Strubbe & Matthysen, 2009; Wagner, 2009; 
Brazill-Boast et al., 2010; Pearce et al., 2011). The addition of multiple species with 
similar breeding requirements increases the likelihood that complex competitive 
dominance hierarchies can form (Orchan et al., 2013; Miller et al., 2017; Goldshtein et 
al., 2018). Determining which species are dominant over others is a critical next step and 
will be important for prioritizing management efforts to mitigate invasive species 
impacts. 
The number of interactions with significant breeding niche overlap (30/729) is 
close to the 0.05 per cent that would be expected by chance. However, we did not 
explicitly test to what extent the community-wide distribution of niche overlap is 
structured by the processes of random community assembly (Hui & Richardson, 2017). 
Quantifying the extent to which the patterns observed here are structured by the total 
distribution of trait values and community composition would be a useful next step in 
relating the niche overlap model presented here to models of species co-occurrence in 
specific habitats (HilleRisLambers et al., 2012; Zhu et al., 2016; Green et al., 2018).  
We did not include information on species preferred breeding habitat, or 
distribution across Tasmania relative to one another in our model of breeding niche 
overlap. Data on habitat suitability could be added to the model if there was detailed 
enough data on breeding habitats across Tasmania. With the increasing fragmentation of 
Tasmania’s natural landscapes due to logging, increased fire frequency, agricultural and 
urban land use, and given that many non-native species first establish in altered habitats, 
the impacts of increased competition are likely to be significant in edge habitats (Lowe et 
al., 2011; Orchan et al., 2013; Treby & Castley, 2016).  
The large number of species introduced to Tasmania means there there are very 
few habitats that are likely to avoid some impacts of invasive species. However, species 
such as the common myna, common starling, and rainbow lorikeet are likely to have 
different impacts on native parrots. While the common myna and starling prefer altered 
and edge habitats (Grarock et al., 2013a; Stojanovic et al., 2018), the rainbow lorikeet 
can nest in both urban and native forests. A better understanding of habitat suitability for 
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the cavity breeding community in Tasmania would improve the spatial predictions of 
where invasive species impacts are likely to be significant and could be done for species 
that have detailed information on breeding habitats (Stojanovic et al., 2015; Webb et al., 
2017). 
Our theoretical breeding niche model predicted high breeding niche overlap for 
many species which had little or no information on inter-specific interactions from the 
field. Understanding competition for hollows is of particular conservation importance as 
the outcome of competitive interactions will ultimately determine the persistence of 
populations (Tylianakis et al., 2008; Kéfi et al., 2015; Sánchez-Tójar et al., 2017). 
Managing widespread invasive species is unlikely but our model provides a guide for 
which invasive species are likely to be impacting natives across the island. Additionally, 
this model supports efforts to prevent the establishment of the common myna in 
Tasmania as its breeding requirements are likely to significantly overlap with native 
species. Future work on understanding how overlap in breeding niche space relates to the 
intensity of competition, and how competition changes with species abundance around 
hollows will provide a better picture of where and when non-native species management 
will have the most benefit for native hollow-nesting species.  
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Chapter 4  
Alien vs. Predator: The interactions between 
common myna and native predators on cavity-
nesting species along an invasion gradient 
 
 
Photos: A. Rogers 
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Abstract 
Australia is home to many species that rely on tree hollows for shelter or reproduction, 
but hollows that are a limited resource in urban environments. Nest boxes are frequently 
used to supplement this critical resource, but urban habitats are not uniform and little 
known about how nest box use varies with different levels of urbanization. Here we 
investigated how nest box use varies along an urban-rural gradient, in two regions in 
eastern Australia. In particular, we investigated the influence of different urbanization 
levels, community composition, and competition with invasive species on nest box use. 
The urban-rural gradient in this study also occurs along an invasion gradient for the 
common myna (Acridotheres tristis), an aggressive cavity-nesting bird. More urban areas 
have been invaded for a longer time (termed invasion “source”) and more rural areas 
have been invaded more recently (termed invasion “front”). We set up 120 boxes in 
south-east Queensland, and 96 boxes in central coast New South Wales. We monitored 
each of the boxes weekly during two breeding seasons. We recorded eight species using 
the boxes, with the most common box users being native possums and invasive common 
mynas. Weekly occupancy of the boxes by native birds was low (maximum weekly 
occupancy was 10% of all boxes), while total nest box occupancy over the course of the 
study was high (62-78%) but box occupancy varied considerably across study sites. 
Occupancy of boxes by all species were higher in long invaded, more urban areas than in 
recently invaded, more rural areas. Myna use of a nest box did not always prevent native 
species from later using that same box, suggesting myna presence alone does not deter 
native species breeding in the same place during different times of the year. We also 
recorded high failure rates (~50%) of native birds and myna nests. Possums, known nest 
predators, were recorded at all sites in the boxes and may have an important role in 
influencing breeding success in urban nest boxes. We found little evidence of direct 
impacts of myna on other birds (nest takeovers) and found that in our study regions 
native birds may be able to avoid competition with mynas by shifting the timing of 
breeding. Urban nest boxes that are accessible to mynas and possums may not provide 
many benefits to urban cavity-nesting birds, given our low rates of use by native bird 
species. 
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Introduction 
The process of urbanization changes the types and abundance of resources available for 
urban wildlife. However, urban habitats are not all the same, with wildlife’s use of 
resources, such as breeding sites, in urban environments influenced in part by both 
habitat structure and interactions with other urban-adapted species (Anderies et al., 2007; 
Bellocq et al., 2017). In Australia, a relatively large portion (15%) of vertebrate species 
require tree hollows for reproduction and shelter (Gibbons & Lindenmayer, 2002). Birds 
make up the largest group of hollow-users in Australia with at least 114 bird species 
nesting in tree hollows or other types of cavities (ex. burrows, nest boxes, buildings; 
Gibbons & Lindenmayer, 2002). Despite its large numbers of cavity-nesting species, 
there are no vertebrate cavity excavators such as woodpeckers in Australia, and natural 
tree hollows take many years to form through fire, fungal decay, and termite excavation 
(Gibbons et al., 2000; Adkins, 2016). Of particular conservation concern in urban areas 
are cavity breeding species which have been impacted by the loss of large old hollow-
bearing trees (Saunders et al., 1982; Durant et al., 2009; Flesch & Steidl, 2010; Davis et 
al., 2014) and the introduction of invasive cavity nesting species (Pell & Tidemann, 
1997b; Grarock et al., 2014a). Nest boxes are often used to supplement the loss of natural 
tree hollows (Harper et al., 2005a; Beyer & Goldingay, 2006; Lindenmayer et al., 2017). 
However, the rates of nest box use by local species can be highly variable depending on 
local habitat features and competition between species (Mänd et al., 2005; Remacha & 
Delgado, 2009; Grarock et al., 2013a; Orchan et al., 2013). A challenge for urban cavity-
nesting birds is that they must compete with invasive alien species, and other native 
species for the use of nest boxes (Harper et al., 2005a, 2008; Grarock et al., 2013a; 
Orchan et al., 2013), but how general these patterns are across urban environments is not 
well understood. 
Both interspecies competition and predation impact species use of and 
reproductive fitness in tree hollows and nest boxes (Ingold, 1998; Davis et al., 2013; 
Grarock et al., 2013a; Stojanovic et al., 2014b; Heinsohn et al., 2015; Charter et al., 
2016). In Australia, as levels of urbanization increase, invasive birds occupy a higher 
number of available cavities (Grarock et al., 2013a; Tomasevic & Marzluff, 2016). 
Native mammals impact hollow-nesting birds through competition and predation, with 
possums and gliders having significant impacts on threatened hollow-nesting birds 
(Garnett et al., 1999; Harper et al., 2005a; Lindenmayer et al., 2017). The extent to which 
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such interactions vary across urban environments with different cavity-nesting species 
pools is not well understood in Australia.  
One of the most widespread cavity nesting species in Australia is the common 
myna (Acridotheres tristis). It orginates from Asia and is considered one of the world’s 
top 100 invasive species globally (Global Invasive Species Database, 2015). The 
common myna was first introduced into the southeast of Australian in the late 1800s and 
subsequently introduced to several additional locations along the east coast (Martin, 
1996). It is currently expanding its range from large urban centres into more rural areas. 
In Australia, the common myna occurs in cities from the tropical north-east coast, down 
the east coast to temperate forests and into Mediterranean climates. Despite having such 
a large invasive range, interactions with native species have only been recorded from the 
south-east of its Australian range, leaving a gap in our understanding of how impacts 
vary spatially (Linz et al., 2007). Commonly reported impacts of the common myna 
include competition for native species for foraging and nesting space (Campus et al., 
2009; Grarock et al., 2013a, 2014a; Orchan et al., 2013; Haythorpe et al., 2014).  The 
common myna can breed in a wide range of cavities, including tree hollows and human-
made structures such as nest boxes, buildings, gutters, holes in walls and others (Pell & 
Tidemann, 1997b; Higgins, 1999). The myna breeding season occurs during the Austral 
summer, from September through March (Higgins, 1999). The myna has been shown to 
compete with several native parrots including the crimson rosella (Platycercus elegans) 
and eastern rosella (Platycercus eximius; Lowe et al., 2011; Grarock et al., 2013; 
Goldingay et al., 2015). Such impacts are often inferred from spatial segregation of myna 
nesting sites compared to native species, where the common myna but not native species 
prefers to nest in more urbanized habitats. But whether the myna is driving these patterns 
or responding to differences in habitat structure is less clear (Grarock et al., 2014a).  
Studies on competition between common myna and other cavity using species 
have mostly taken place in similar regions of the common myna’s invasive range in 
Australia, and little work has been done to explore but how nest box use varies across 
regions with different species pools. This knowledge gap limits the conservation 
effectiveness of nest box programs in different urban contexts. This research aimed to 
explore how nest box use varied across urban environments with different levels of 
urbanization (urban and rural), across urban areas which have been invaded for different 
lengths of time, and across regions with different cavity breeding species.  
To address this gap, we addressed the following questions: 
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1. How do nest box use and nesting attempts by birds vary with different degrees of 
urbanization along urban gradients?  
2. How do differences in site-level habitat structure and presence of nest box 
competitors (common myna and native mammals) influence native bird species 
use of nest boxes and breeding success across urban areas? 
 
We examined whether there are differences in the frequency and species identity of urban 
nest box users, in two independently invaded regions along the east coast of Australia. I 
predicted that nest box use would be lower in more recently invaded areas and that in 
sites with more invasive species nesting attempts there would be fewer native species 
nesting attempts due to increased competition. Study sites within each region were set up 
to capture both the urban-rural gradient and invasion front-source gradient, so we could 
test how variation in human disturbance and time since invasion influence nest box 
occupancy and breeding success. 
 
Methods 
Study Area 
The study regions along the east coast of Australia, the central coast region of New South 
Wales and SE Queensland, were chosen as they have similar patterns of urbanization, and 
invasion histories (Figure 4.1). In QLD and NSW, source sites were long invaded areas in 
which mynas were reported before 1970 (here termed “source sites), and recently 
invaded sites are cities in which mynas have been reported since 1990 (termed “front” 
sites; Figure 4.1). These source sites are located in larger cities and recently invaded sites 
in smaller cities/towns, such that the invasion gradient in our study also follows an urban-
rural gradient (Table 4.1). The urban environments in the source sites are characterized 
by a dense city centre, with surrounded by sprawling suburbs with low-density housing. 
The front sites are rural, small towns with lower human population, a  
less developed town centre and surrounded by larger fragments of native forest and 
agricultural land.  
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Figure 4.1. Map of study sites with front-source designation and species occupying the 
boxes. Study sites were distributed across a) south-east Queensland (QLD) and b) central 
New South Wales (NSW). An urban-rural/front-source invasion gradient was identified 
in each region, and study sites (front – yellow, red – source). The species in boxes 
included 1) white-throated treecreeper, 2) pale-headed rosella, 3) rainbow lorikeet, 4) 
common myna, 5) common brushtail possum, 6) ringtail possum, 7) squirrel glider, 8) 
common starling, 9) eastern rosella, and 10) crimson rosella. Photos:  
 
The common myna was brought to Toowoomba in south-east Queensland, and to 
Newcastle in New South Wales in independent introduction events, and the birds have 
expanded from these cities northwards and southwards along the east coast (Martin, 
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1996). In NSW, study sites with a long history of common myna invasion (hereafter, 
source sites) were selected in the greater Newcastle area, in the suburbs of New 
Lambton, and Glendale (Table 4.1). The towns of Gloucester and Krambach were 
selected as the recently invaded sites (hereafter, front sites) and occur within the larger 
Hunter region approximately 100 km north of Newcastle (Table 4.1). In Queensland, 
source sites include the University of Queensland Gatton campus near the city of Lawes, 
and the Brisbane suburbs of Oxley and New Farm. Front sites were approximately 100 
km north of Brisbane in the towns of Dayboro and Landsborough (Figure 4.1)  
 
Nest box monitoring 
Within each site, we set up 24 artificial nest boxes across three sub-environments (8 
boxes in each) selected to sample variation in urban habitat characteristics. The sub-
environments selected included the edge of remnant vegetation, in an open park, and an 
urbanized area (schools, suburban streets, caravan parks). Boxes were set up in August 
and September in 2014. Nest box dimensions were 400 mm (height) X 170 mm (width) 
X 170 mm (depth) and had an entrance hole, which was 65 mm in diameter. These boxes 
were chosen as they are utilized by the common myna (Grarock et al., 2013a). Nest 
boxes were placed at heights between three and five meters, and at least 10 meters from 
the closest box. The minimum distance between boxes was not based on territory size of 
any of the birds. Previous work has shown that multiple species will use boxes on the 
same tree (Le Roux et al., 2016a). Boxes were monitored from September 2014 to March 
2016, every week over the breeding season of the common myna (between September 
and March) and once a month during the non-breeding season. Boxes were not checked 
during heavy rain to minimize disturbance to potential box occupants; this occurred nine 
visits in QLD and seven visits in NSW. Monitoring was done by a team of research 
students and volunteers familiar with the species likely to be in the boxes.  
Nest box occupancy was defined as any time a species was observed in a box, or 
evidence of nesting was present. Where possible the species occupying the box was 
identified to species. Common myna nests were identified by their use of nesting material 
and light blue eggs. To identify other nests egg color and shape were recorded and, nests 
were monitored until the parent birds returned, or the chicks could be identified by 
emerging feathers. Mammals were identified to species in QLD, but could not be 
identified to species in NSW during weekly monitoring; however, both the brushtail 
possums and ringtail possums occur in the region, and both species were observed in the 
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boxes. Nesting attempts were defined as any time eggs, chicks or adult birds sitting on 
eggs or chicks were recorded. The age of chicks was estimated based on the growth of 
feathers on the chicks. A nesting attempt was considered a failure if eggs disappeared or 
chicks disappeared before they had their adult feathers. A nesting attempt was considered 
a success if chicks developed adult feathers, such that they could have been assumed to 
be able to fly if they left the box. Common mynas can raise a clutch from eggs to 
fledgling adults in around 40 days and can have multiple clutches in a single season.  
We monitored the nesting boxes were checked using a Signet fiber optic 
inspection camera mounted on a pole. The camera was inserted into the entrance hole in 
the nest box, and a photo or video was taken if there was an animal in the box or if there 
was evidence of nesting. Animal ethics for all field work actives were obtained through 
the University of Queensland (Research and Integrity office, Animal Welfare Unit 
454/13), and the University of Newcastle (Animal Research Authority A-2014-424). 
 
Environmental characteristics  
Local habitat characteristics were measured using circular surveys were conducted to 
identify vegetation diversity and structure around each nest box to a 15-meter radius. 
Within each plot individual trees were counted, the diameter at breast height was 
measured, and native trees were identified to a genus where possible. Additionally, the 
percent ground cover of shrub, turf, and sealed ground (i.e., asphalt and concrete) was 
estimated from the center of the plot. Within each plot, the numbers of potential natural 
hollows in trees were counted. Due to the difficulty in assessing whether a cavity in a tree 
was a suitable nesting hollow, hollow occurrence at each site provided only a general 
measure of potential nesting site availability (Davis et al., 2014).  
To variation in the amount of green space around study sites, we used remotely 
sensed satellite data of normalized difference vegetation index (NDVI) sensu Bino et al. 
(2010). We used NDVI data from NASA’s LandSat satellite, which produces images 
with a 30 x 30m pixel resolution. NDVI images for all sites were downloaded for years 
2009-2014. Each image was evaluated for cloud cover, and only images which had less 
than 10% cloud cover were used, resulting in 14 cloud-free images included in the 
analysis. NDVI value for pixels in area 100 m2 area centered on each survey site was 
averaged to create a single NDVI value for each scale.  
 
Statistical Analysis 
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For each study region, we calculated the total number of boxes occupied, the proportional 
box occupancy (the number of boxes used at least once / total number of boxes), the 
number of nesting attempts and the number of successful nesting attempts. To explore 
what influenced nest box occupancy metrics we used generalized linear mixed models, 
which allows us to account for the nested study design, which included multiple boxes 
nested in different sites, locations (front-source) and regions (states). We explored how 
habitat variables were related to the number of weeks a box was occupied by any species 
(total box occupancy), the total number of nesting attempts in each box and the number 
of successful nesting attempts. For each model, we kept region (QLD, and NSW), front-
source location, location (each city the study sites were located in), and breeding season 
as random factors. Explanatory variables for all models included site level NDVI value, 
height of the box on the tree, the basal stem diameter of the tree (BSD), average distance 
to nearest tree, percent shrub ground cover in a 15 meter circular plot around the tree, and 
total number of natural hollows at a site (Table 4.1). For total nesting attempts, nesting 
success, and failure we also included total mammal occupancy at a site as an additional 
explanatory variable. The analysis was run using package “glmmADMB” as it can 
handle data with a large number of zeros (Fournier et al., 2012) in R (R Core Team, 
2015). For each response variables, models were run with poisson, quasipoisson, and 
negative binomial error distributions and the model with the lowest AIC was chosen. All 
models accounted for zero inflation. Individual model summaries are listed in 
supplementary materials. Colinearity between explanatory variables was assessed with a 
modified version of the vif function in the “car” package. Variables were dropped from 
the model if they had a vif value of more than two (Zuur et al., 2009). Data used in the 
GLMMs can be found in Appendix C.  
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Table 4.1. Site details including the region, location, human population, front/source location, NDVI for a 100x100 km grid around each site, the 
total number of natural hollows observed at a site, the percent ground cover averaged over the eight vegetation survey plots, and the total number 
of trees in the vegetation survey plots.  
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NSW 
Hunter 
Valley 
Gloucester 2336 (2011) 
F
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n
t 
0.804 0 20.6 0 79.3 334 
0.698 0 56.1 20 23.8 83 
0.463 0 40 54.375 5.6 33 
Krambach 392 (2011) 
0.762 0 21.8 13.75 64.3 199 
0.726 0 87.5 12.5 0 91 
0.589 0 4.6 94.75 0.6 70 
Greater 
Newcastle 
area 
Blackbutt 
436200 (2016) 
S
o
u
rc
e 
0.814 0 37.5 0 62.5 480 
0.566 0 36.6 42.875 20.5 128 
0.311 0 27.7 70 2.25 59 
Glendale 
0.591 0 62.5 0 37.5 191 
0.603 0 74.7 12.625 12.6 84 
0.447 0 35.6 58.125 6.2 70 
Table continued on next page. 
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QLD 
Moreton Bay 
region 
Dayboro 1692 (2011) 
F
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n
t 
0.611 1 25 0 75 126 
0.559 1 78.7 18.125 3.1 40 
0.495 3 46.8 50 2.5 181 
Sunshine 
Coast region 
Landsborough  3,706 (2011) 
0.719 7 38.1 9.375 52.5 136 
0.5235 0 52.5 38.125 9.375 68 
0.496 5 46.2 31.875 20 102 
greater 
Brisbane 
area 
Norman Park 6,003 (2011) 
S
o
u
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e 
0.518 0 43.7 20 36.25 76 
0.554 0 90 6.875 4.375 68 
0.571 4 72.5 26.875 0.625 109 
Oxley Common 
7,291  
(2011)  
0.621 0 21.6 0.0 78.3333 168 
0.616 6 55.0 2.85714 42.1429 103 
0.518 0 40.0 12.14 47.8571 302 
Lockyer 
Valley 
University of 
Queensland Gatton 
campus, near the 
city of Lawes 
304 (2011) 
0.587 0 80.0 1.87 18.125 84 
0.636 2 68.7 28.75 3.75 69 
0.532 7 75.0 22.5 2.5 35 
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Results 
Regional comparisons 
Over the two study years, 66/96 nest boxes (68.75%) were utilized at least once in NSW, 
and 109/120 boxes (90.8%) were utilized in QLD. The occupancy rate for any given 
week was much lower than the total occupancy, with at most nine boxes (9.3 %) 
occupied across all of NSW, and a maximum weekly occupancy of 31 nest boxes 
(25.8 %) occupied in QLD. There were regional differences in which species moved into 
nest boxes first after they were set up (Figure 4.2), primarily in the number of possums 
which occupied more nest boxes and occupied them more consistently than any other 
species in QLD but not NSW (Figure 4.2). In total mammals were recorded 129 times in 
34/96 boxes in NSW and 679 times in 94/120 boxes in QLD. We recorded mammals in 
the boxes in 58 and 82 out of the 102 survey weeks in NSW and QLD respectfully.   
In total, ten bird and mammal species utilizing the nest boxes over the two-year 
monitoring period (Figure 4.1). Three birds and three mammals were shared between 
Queensland and New South Wales (Figure 1). Two species were only found in QLD, 
while three species were only found in NSW. There were differences in weekly box 
occupancy between years in both regions, with higher occupancy of mammals and more 
nesting attempts in the second year (Figure 4.2). Possums, common mynas, and native 
birds used the boxes differently across regions and front/source sites. In both regions, 
rosellas and possums were the first native species to move into boxes while rainbow 
lorikeets generally did not use the boxes until the second year.  
 Monitoring across both regions captured a well-defined breeding season for the 
common myna, which ranged from October to March, but showed regional differences 
(Figure 4.2). Breeding activity was recorded for the native species year round in 
Queensland. Of the native species in New South Wales, the crimson rosella showed the 
most well-defined breeding season starting in September and ending in January. In both 
QLD and NSW, most boxes were never used. A few boxes were utilized by multiple 
different species at most sites (Table 4.2). We recorded sequential use of boxes by 
mammals and birds, common myna and birds, and multiple native birds. While the total 
number of times a box was sequentially used (46 out of 210) was low, this demonstrates 
that occupancy of a box by mammals or common myna does not preclude other species 
using it.  
A total of 77 nesting attempts were made by the birds in NSW while 60 were 
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made in QLD. Across all nesting attempts successfully fledged at least one chick on 
average ~ 46.7% of the time. Nests were successful in 31 nesting attempts in NSW 
(31/77 = 40.3%) while 33 nests were successful in QLD (33/60 = 55%). Rosella nests 
generally failed more often than other species. The common myna had more nesting 
attempts in NSW and QLD (40 and 32 respectively).  
 
 
 
 
Figure 4.2. Weekly box occupancy of all boxes pooled for NSW a) front and b) source, 
and QLD c) front, and d) source. Boxes were set up in late August 2014 and surveys 
started in September 2014. We conducted weekly surveys between September and 
March, from 2014 through 2016, and then monitored at least once a month in winter for 
signs of breeding activity. 
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Table 4.2. Sequential box use by multiple species across sites. The total boxes occupied 
by multiple species. Boxes were shared at different levels across regions and source-front 
locations with no consistent pattern. Common myna (COMY) shared more boxes with 
native species than native species shared with each other, but this may be due to higher 
overall occupancy of boxes by common myna. Birds and mammals shared 26 boxes 
which was 15% (26/166) of all the occupied boxes.  
 
   Species sharing boxes 
region 
front/ 
source 
Site 
bird and 
mammal 
species using 
boxes 
COMY & 
native bird 
native birds & 
native bird 
NSW 
front 
Gloucester 3 0 0 
Krambach 0 0 0 
source 
Blackbutt 5 2 1 
Glendale 3 6 2 
QLD 
front 
Dayboro 6 0 4 
Landsborough 1 0 0 
source 
Gatton 3 3 0 
Norman Park 4 0 0 
Oxley Creek 
Common  1 2 0 
Total  26 13 7 
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Figure 4.3. Nesting attempts and outcome by all species across source-front locations in 
the two study regions. Data pooled from both breeding seasons. Nesting attempts were 
considered successful if any chicks fledged from the nest. Nests were marked as a failure 
if eggs were abandoned, the chicks disappeared before they had adult feathers, or if the 
chicks died. 
 
 
 
Figure 4.4. Photo of a brushtail possum (Trichosurus vulpecula) entering an active 
rainbow lorikeet nest at a Queensland front site. This photo was taken at Dayboro, at the 
invasion front in Queensland on 4/11/2015. The nest had three chicks before the possum 
was pictured entering the nest and the chicks were discovered partially eaten after the 
photo was taken.  
0
5
10
15
20
C
o
m
m
o
n
 M
y
n
a
C
ri
m
so
n
 R
o
se
ll
a
E
as
te
rn
 R
o
se
ll
a
R
ai
n
b
o
w
 L
o
ri
k
ee
t
S
ta
rl
in
g
C
o
m
m
o
n
 M
y
n
a
P
al
e-
h
ea
d
ed
 R
o
se
ll
a
R
ai
n
b
o
w
 L
o
ri
k
ee
t
W
h
it
e-
th
ro
at
ed
T
re
ec
re
ep
er
NSW QLD
T
o
ta
l 
n
es
ti
n
g
 a
tt
em
p
ts Fail - front
Success - front
Fail - source
Success - source
     
 
83 
 
Nesting along urban-rural / front-source gradients 
The occupancy of all boxes by all species over the two breeding seasons was similar 
across front and source in NSW (front - 62.5%; source - 66.6%), while the QLD front 
nest boxes were occupied at a lower rate compared to the source boxes (front - 64.5%; 
source - 78 %). However, total nesting attempts by native birds showed differences 
between regions across front-source locations (NSW: 7 front / 14 source; QLD: 13 front / 
7 source, QLD).  
We found differences in the species occupying boxes in front and source sites 
between regions. In NSW the starling was only found at front sites, the rainbow lorikeet 
was only found in source sites, and the other six species were found in both locations. In 
QLD the white-throated treecreeper (Cormobates leucophaea) was only found in the 
front, while common myna and squirrel gliders (Petaurus norfolcensis) were found in the 
source, with the other four species found across both locations. In QLD possums also 
occupied more boxes more consistently in source sites, compared to front sites.  
The proportion of nesting attempts (# attempts / # available boxes) showed large 
differences between front and source sites but were similar across regions (NSW: 17% 
front, 55% source; QLD: 21% front, 48% source). However, nesting success was similar 
across all front-source locations with around 50% of all nests failing (Figure 4.3). Of the 
seven species that nested in the boxes, common myna had the highest number of nesting 
attempts and the highest number of successful nests with more nesting attempts in source 
locations, and there were no nesting attempts for common myna in the rural, front sites in 
Queensland. While common mynas were observed nesting in natural tree hollows and 
buildings in the front sites, no nesting attempts were made in the boxes.  
There were clear differences in the timing of breeding and box occupancy across 
front-source locations. In particular eastern rosellas in NSW had more nesting attempts 
and nested for more weeks in front sites, where there were fewer common myna nests 
(Figure 4.2). QLD also had a difference in occupancy over time as pale-headed rosellas 
primarily nested in the first year and were largely replaced by rainbow lorikeets in the 
second year. Ringtail possums also occupied more boxes in the second year in QLD 
source sites.  
 
Drivers of box occupancy and nesting attempts 
We found that a large number of boxes in both regions were never used. Generalized 
mixed models for total box occupancy, total nesting attempts per box, and mammal 
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occupancy per box found no significant relationships with local habitat structure. We 
found a significant relationship between nesting success and mammal occupancy of nest 
boxes (z value = -2.31, p < 0.021; Table 4.3).  
 The total number of nesting attempts per site (nine sites x 2 seasons = 18) showed 
a weak, non-significant negative relationship with mammal occupancy of boxes (n = 18, 
R² = 0.047, correlation coefficient = -0.22, p ≤ 0.3896), Using the data pooled at the site 
level for each breeding season while the number of nest failures shows no relationship 
with mammal occupancy of boxes (n = 18, R² < 0.01, correlation coefficient = -0.08, p ≤ 
0.76; Figure 4.5a). The total number of native bird nesting attempts per site showed a no 
relationship with mammal occupancy at a site (n = 18, R² = 0.03, correlation coefficient = 
-0.16, p ≤ 0.53; Figure 4.5b). The total number of native nesting attempts per site had a 
non-significant negative relationship with mammal occupancy of boxes per site (n = 18, 
R² = 0.03, correlation coefficient = -0.01, p ≤ 0.97; Figure 4.5c).  
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Table 4.3.  Model summaries for generalized mixed models. All models used a negative 
binomial error distribution and accounted for zero inflation. Habitat variables were 
calculated in circular plots with 15 m diameters, centered on the tree in which each nest 
box was placed.  
  
Response 
variable 
Explanatory variables 
Estimat
e 
Std. 
Error 
z-
value Pr(>|z|) 
total box 
occupancy 
(Intercept) -1.997 0.397 -5.03 
4.90E-
07 
 
Average basal stem diameter of all 
trees 
0.005 0.006 0.76 0.455 
 Average distance to trees -0.043 0.037 -1.16 0.256 
 % shrub cover 0.000 0.006 0.04 0.971 
 # natural.hollows 0.027 0.038 0.72 0.471 
total nesting 
attempts 
(Intercept) -1.924 0.367 -5.24 
1.60E-
07 
 
Average basal stem diameter of all 
trees 
0.003 0.005 0.57 0.570 
 Average distance to trees 0.039 0.021 1.821 0.072 
 % shrub cover -0.012 0.007 -1.741 0.082 
 # natural.hollows -0.106 0.062 -1.733 0.084 
 
Total # of boxes occupied by 
mammals 
-0.061 0.059 -1.052 0.293 
nesting 
success 
(Intercept) -2.191 0.437 -5.012 
5.30E-
07 
 
Average basal stem diameter of all 
trees 
0.004 0.007 0.641 0.525 
 Average distance to trees 0.013 0.024 0.551 0.579 
 % shrub cover -0.008 0.008 -1.07 0.284 
 # natural.hollows 0.015 0.050 0.292 0.769 
 
Total # of boxes occupied by 
mammals 
-0.659 0.285 -2.31 0.021* 
mammal 
occupancy 
(Intercept) -2.431 0.959 -2.54 0.011 
 # natural.hollows 0.0163 0.039 0.423 0.675 
 
Average basal stem diameter of all 
trees 
0.004 0.006 0.574 0.570 
 Average distance to trees -0.07 0.041 -1.723 0.090 
  % shrub cover -0.004 0.006 -0.681 0.500 
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Figure 4.5. Relationships between site level a) total nesting attempts and mammal 
occupancy (n= 18, R² = 0.047, correlation coefficient = -0.22, p ≤ 0.3896), and nesting 
failures and mammal occupancy of boxes (n = 18, R² < 0.01, correlation coefficient = -
0.08, p ≤ 0.76), b) native bird nesting attempts and mammal occupancy of boxes (n= 18, 
R² = 0.03, correlation coefficient = -0.16), c) native bird nesting attempts and common 
myna nesting attempts (n= 18, R² = 0.03, correlation coefficient = -0.01, p ≤ 0.97). None 
of the relationships were significantly correlated (p ≤ 0.05). Data was pooled at the site 
level for each breeding season, so each site contributed two data points.  
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Discussion 
We found nest box use was highly variable both between and within regions, with 
important differences in the species which used our boxes, the timing of breeding and the 
success of nesting attempts by birds. There were differences in the species that used the 
boxes, the numbers of boxes used by each species, the length of the breeding seasons. 
There were large differences in how species used the boxes both within and across 
regions. While we didn’t find significant effects of habitat structure on box occupancy, in 
contrast to previous studies (Mänd et al., 2005; Lindenmayer et al., 2016), the high 
variation in box use by common urban-adapted species makes generalizations about the 
importance of nest boxes across large spatial scales and diverse species assemblages 
difficult to make. 
 We found interesting variation differences in box occupancy between front and 
source locations in both study regions. QLD source sites had much higher occupancy of 
boxes by possums than QLD front sites, or any sites in NSW. Just as habitats within cities 
differ in their suitability for different species (Mänd et al., 2005; Durant et al., 2009), 
broader landscape context will change the relative availability and importance of nest 
boxes for different species (Tomasevic & Marzluff, 2016). While the common myna has 
been present for similar amounts of time in both front regions, we had no records of use 
nest boxes in front sites in Queensland depite observations of mynas nesting in both 
buildings and natural tree hollows in those sites. In contrast, there were many more 
nesting attempts in the NSW front sites showing that different landscape contexts, 
including regional differences in factors such as abundance of natural or other manmade 
nest sites or location of nest boxes, influence invasion dynamics (Shwartz et al., 2009). 
Overall we found more native species nesting attempts in sites with more myna nesting 
attempts in contrast to previous work (Grarock et al., 2013a). While this results may 
mean that at our sites the presence of common myna was not enough to deter species 
from nesting, our low box occupancy means this conclusion should be treated with 
caution. Assessing where and when common myna has a significant impact will require 
long term monitoring, of different populations, as patterns from one region, or city, will 
not necessarily apply to other areas.  
Nesting in cavities is thought to provide benefits such as reduced predation and 
temperature regulation (Gibbons & Lindenmayer, 2002). However in our nest boxes, one 
of the most consistent patterns across both regions were the high numbers of nest failures 
     
 
88 
 
relative to nesting attempts that successfully fledged chicks. While we had large numbers 
of nest failures for most species, with rosellas, in particular, abandoned nests at high 
rates. We cannot rule out the competition with common myna generally in our sites or 
extreme temperatures in our boxes (Goldingay & Stevens, 2009) as potential drivers of 
nest failures, the accessibility of our boxes to native mammal nest predators is a likely 
contributing factor (Garnett et al., 1999; Stojanovic et al., 2014b). Interestingly nest 
failures occurred at similar rates in NSW despite many fewer possums occupying those 
boxes, so there may be regional differences in the drivers of nesting success. Across our 
study sites the lower number of nesting attempts in sites with higher nest box occupancy 
by mammals may highlight an unreported interaction between native species in urban 
areas.  
The weekly monitoring of nests showed differences in the timing and length of 
the breeding season for each species. Importantly we found that in QLD native species 
nested at low levels year round. In NSW we found that rosellas in front sites, where there 
were fewer myna nests, had a longer breeding season compared to rosellas in source sites 
which presumably faced higher levels of competition for nesting sites. While spatial 
segregation in myna and native species nest sites have been observed (Pell & Tidemann, 
1997b; Lowe et al., 2011; Grarock et al., 2013a), temporal shifts in breeding may also 
allow species to reduce or avoid competition with common mynas. Other factors that 
influence the timing of breeding for cavity breeding species Australia include rainfall and 
fluctuations in food resources (Sewell & Catterall, 1998; Webb et al., 2012, 2017; 
Stojanovic et al., 2015). However, since our NSW source sites are closer to the coast and 
generally receive more rainfall than our front sites it does not seem likely that rainfall is 
limiting the breeding in the source sites. Future work on competition between rosellas 
and mynas can test whether there are significant temporal shifts in response to myna 
competition by putting up boxes exclude mynas in source areas to see if native species 
breed for longer.  
This study is one of the first to weekly monitory nest box use across multiple 
sites. This approach allowed us to track nesting success for most species. Continuous 
monitoring of boxes over a long period is needed to fully understand the relative 
importance of competition and predation between species using our boxes (Davis et al., 
2013; Stojanovic et al., 2014b; Cotsell & Vernes, 2016). Monitoring nesting activity 
alone does not allow us to rule out aggressive competitive interactions outside the nest 
boxes and non-direct impacts (Minot & Perrins, 1986; Human & Gordon, 1996; Petren & 
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Case, 1996) which include include filling nest boxes with nesting material, including 
boxes not used for nesting a behavior common across our study sites. This behavior has 
been attributed with discouraging other species from using a nest box (Orchan et al., 
2013; Charter et al., 2016). However, in this study both the common myna and white-
throated treecreeper filled nest boxes with material, but it did not deter other parrot or 
rosellas species from subsequently nesting in those boxes(Pell & Tidemann, 1997a). 
Based on the relationships between mammals and nesting attempts by all species 
we observed here and the predation event of rainbow lorikeet chicks by a brushtail 
possum (Figure 4.4), further studies on nest box designs which exclude mammals and 
invasive species are needed in urban environments. Avoiding the impacts of predators 
and competitors is likely to be difficult in easily accessible boxes as species may shift the 
timing of breeding to minimize competition with the common myna, competition with 
and predation by native species is likely to occur year-round. Nest box projects which 
have boxes designed for specific species can be extremely important in supporting cavity 
breeding birds (Tidemann et al., 1992; Garnett et al., 1999; Stojanovic et al., 2017), and 
more work needs to be done to provide suitable boxes for less common urban cavity 
nesting species in the face of invasive species and abundant nest predators in urban 
enviornments.  
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Chapter 5  
The role of invasion and urbanization gradients in 
shaping avian community composition  
 
 
 
Photo: A. Rogers 
 
 
 
 
 
 
 
 
 
 
 
To be submitted to Journal of Biogeography 
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Abstract 
Aim: To examine how gradients of disturbance (invasion and urbanization) change bird 
community composition.  
Location: Eastern Australia 
Methods: We surveyed avian communities along gradients of invasion at landscape 
scales (long invaded vs. recently invaded areas) and along local gradients of urbanization 
(edge, open parks, and urban sub-environments) in New South Wales (NSW) and 
Queensland (QLD), Australia. Species richness and abundance was calculated for urban 
sub-environments, and for long and recently invaded areas. We also examined species 
presence across all sites for each region to evaluate more generally whether individual 
species were urban exploiters, adapters or avoiders.  
Results: In total, across nine sites, and 27 sub-environments, we surveyed 127 species in 
NSW and 144 species in QLD. Most species are urban adapters making some use of 
some or all urban sub-environments (NSW 83, QLD 84). Edge sites had the highest 
number of species that did not occur in either urban or park sites (urban avoiders: NSW 
23, QLD 31). The lowest richness was found in the most urban sites (urban exploiters; 
NSW 10, QLD 15). We found that more urban sub-environments contained fewer 
species, while abundance did not differ. We found little influence of invasive species in 
shaping urban bird communities. Across urban environments, we found that the presence 
of an aggressive native species and habitat structure influenced species richness within 
cities significantly (negative and positive relationships respectively).  
Main conclusions: Vegetation structure in urban habitats was found to be important for 
many species, even in the presence of aggressive despotic and invasive alien species. 
Increasing vegetation structure provides more hiding spaces for small birds in the face of 
abundant aggressive urban-adapted species. The majority of birds in our surveys are 
urban adapters such that urban conservation efforts have the opportunity to benefit 
diverse bird communities.  
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Introduction 
Conversion of natural landscapes to urbanized environments is a key component leading 
to changes native animal communities (McKinney, 2002; Rouget et al., 2003; Pautasso et 
al., 2011; Garrison et al., 2012; Meffert et al., 2013). In general, urban environments tend 
to support fewer species compared to more natural ecosystems. However, with different 
urban land use activities having a range of impacts on native communities, it is not well 
understood (Clucas & Marzluff, 2015). Conserving and managing species in urban areas 
requires an understanding of species-specific responses to disturbance type and intensity 
(Bennett & Ford, 1997; Blair, 2004; Joyce et al. 2018). Sources of disturbance such as 
habitat change, competition with invasive species, and interactions with aggressive native 
urban exploiters are not uniform across urban-rural gradients and urbanization gradients 
within cities (Garden et al., 2006, 2010).  
Urbanization can create both local and landscape scale patterns of habitat change 
(Shwartz et al., 2008a; Garaffa et al., 2009; Luck et al., 2013). Within cities, varying 
levels of urbanization create sub-environments with different levels of human activity 
and the extent of habitat change (Shwartz et al., 2008a). Areas with the least disturbance 
include remnant vegetation patches, and open parks, while areas with high impervious 
surface cover (buildings, asphalt, and concrete) and high human activity are at the other 
end of the disturbance gradient within cities (White et al., 2005; Nielsen et al., 2014). At 
landscape scales, there are gradients from larger cities through to small towns in rural 
areas (Bennett & Ford, 1997; Rebolo-Ifrán et al., 2015; Norton et al., 2016). At this scale, 
landscape features surrounding cities or towns such as the amount of forest, or 
agricultural land can play an important role in determining which species can be found in 
the urban environment. Understanding how urban communities vary among different 
cities can provide valuable insight into how species pools are likely to shift as cities 
grow, and help identify important habitat features that promote urban biodiversity 
(Sushinsky et al., 2013).  
Species responses to urbanization can be divided into three general categories: urban 
exploiters, urban adapters, and urban avoiders (Blair, 1996; Kark et al., 2007). Exploiters 
are species that can capitalize on the altered resources within urban environments and 
show high densities in modified environments (Blair, 1996; Kark et al., 2007). Adapters 
are species that can make limited use of urban areas, or do well in lightly transformed 
environments. Avoiders are native species that are most sensitive to habitat change and 
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do not usually occur in highly urbanized areas (Blair, 1996). Both native and alien 
species can be exploiters or adapters, with exploiters reaching their highest abundance in 
more urbanized habitats and ranging across a wide range of urban landscapes (Grey et 
al., 1998; Tindall et al., 2007; van Rensburg et al. 2009; Orchan et al., 2013; Haythorpe 
et al., 2014).  
 Australian urban expansion has largely occurred in the last 200 years, and nearly 
89% of Australians now live in cities. Unique challenges in urban conservation exist in 
Australia due to the presence of despotic aggressive birds in the cities, namely the native 
noisy miner (Manorina melanocephala) and the invasive common myna (Acridotheres 
tristis). Both species have been attributed with driving declines in local bird populations, 
including several parrots in the case of the myna and small-bodied birds in the case of the 
noisy miner (MacDonald & Kirkpatrick, 2003; Tindall et al., 2007; Kath et al., 2009; 
Mac Nally et al., 2014). Additionally, competition between myna, miners and other 
species show important differences across sites with varying levels of urbanization 
(Griffin et al., 2012; Haythorpe et al., 2014). Noisy miners reach their highest abundance 
in sites with moderate levels of urbanization, and common myna has higher abundances 
in more urban sites (Sol et al., 2017). Both species share a preference for open 
environments such as those created in city parks with scattered or low density trees and 
lots of open areas with turf or mowed grass (Pell & Tidemann, 1997b; Grey et al., 1998). 
The impact of these two species on bird communities originate from studies using atlas 
data at large spatial scales (for cities or ecoregions), and from studies of remnant 
vegetation patches within cities (Sewell & Catterall, 1998; Grarock et al., 2012). 
However, the relative influence of these species on other bird communities across 
varying levels of urbanization is less well understood.  
Invasion gradients are created as invasive species spread from long invaded 
“source” areas to the expanding invasion “front” (Fogarty et al., 2011; Perkins, 2012; 
Berthouly-salazar et al., 2013). Source and front populations often have different impacts 
on local species (Urban et al., 2008; Tayleur, 2010; Sullivan, 2014). While the range of 
the common myna is still expanding, little is known about the relative impact of common 
myna at the invasion source, and the invasion front. The common myna is a member of 
the starling family (Sturnidae) and was introduced starting the 19th century into several 
locations across eastern Australia, and its potential range includes the entire east coast of 
the continent (Martin, 1996, Ewart et al., in press). The invasion gradient also generally 
occurs along a landscape scale gradient of urbanization, with larger cities having been 
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invaded earlier and more rural towns occurring at the invasion front. Previous studies on 
the myna have occurred in long invaded areas (Pell & Tidemann, 1997b; Grarock et al., 
2012), and it is unknown whether the reported impacts are consistent across its range.  
 In order to better understand how urban bird communities respond to urbanization 
and invasion gradients, we predicted that local urban gradients (sub-environments from 
urbanized, to park to semi-natural edge environments within ~1 sq km) would shape 
avian richness and composition with more urban areas supporting fewer species. We also 
predicted that across the urban gradient, increasing vegetation structure would support 
more bird species. Across the invasion gradient we expected to observe fewer common 
myna in recently invaded areas and for this invasive species to have less of an impact on 
native bird richness compared to the presence of the noisy miner. Finally, we examined 
species presence across all study size to explore species urban tolerance and categorize 
the urban exploiters, adapters, and avoiders for two independently invaded regions.  
 
Methods 
Study area 
We focused in this study on south-east Queensland, and central New South Wales, both 
of which have quite similar patterns of urban development and quite similar but 
independent invasion histories for the common myna (Figure 5.1). Both regions are also 
within the native range of the noisy miner. Study locations were selected in each region 
which had been invaded for a long time (myna’s recorded before 1970) termed “source 
sites” and invaded more recently (recorded after 1990) termed “front sites”. A total of 
nine cities were selected across the two regions representing five source locations and 
four front locations (Figure 5.1). Within each city we surveyed along an urbanization 
gradient with one survey site within each of three different sub-environments; at the edge 
of remnant vegetation (“edge”), in an open park (“park”), and a heavily urbanized area 
(“urban”; Figure 5.1). Edge sites were areas which were adjacent to remnant patches of 
forest or bushland. Parks were characterized by having few trees surrounded by large 
amounts of mowed turf. Urban sites were areas with high human activity, a large amount 
of sealed surface (concrete or asphalt) and a large number of buildings and other artificial 
structures. Thus, a total of 27 sites were surveyed (9 locations (front, source) within the 
two regions (QLD, NSW) x 3 sub-environments (edge, park, urban) within each location) 
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(see Figure 5.1). Study sites were chosen based on the presence of the three sub-
environments within 1 km of each other.  
In each study site, we conducted monthly bird surveys between August 2014 and 
August 2016. Surveys were conducted by volunteers familiar with the local birds. Each 
survey consisted of a single 10-minute point count with an unlimited radius, during 
which the distance to all birds seen or heard. For each observation, bird activity in the 
site during the observation was recorded as flying overhead, flying through, walking, 
perched. Surveys were conducted within three hours of sunrise and did not occur on days 
with heavy rain or high winds. 
Species richness was calculated using data pooled across the two years of 
surveys. Richness was calculated using the SJack2 species richness metric and 
comparisons were done with the “vegan” package (Oksanen et al., 2018) in the program 
R (R Core Team, 2015). Species abundance was calculated using all birds seen and heard 
during the point count. Average differences in richness and abundance were evaluated 
using a Kruskal-Wallis rank sum test using R (R Core Team, 2015).  
To quantify variation in the vegetation cover surrounding the study sites, we used 
remotely sensed data of the normalized difference vegetation index (NDVI; Table 5.1) 
sensu Bino et al. (2010). We used NDVI data from NASA’s LandSat satellite, which 
produces images with a 30 x 30m pixel resolution. NDVI images for all sites were 
downloaded for years 2009-2014. Each image was evaluated for cloud cover, and only 
images which had less than 10% cloud cover were used, resulting in 14 cloud-free 
images included in the analysis. NDVI value for pixels in a 100 m2 area centered on each 
survey site was averaged to create a single NDVI value for each scale.  
Local habitat structure and the cover were quantified around each survey point 
using eight circular vegetation plots with a diameter of 30 meters. The number of trees 
within each plot were counted and identified to a genus where possible for individual 
trees over 5 cm in diameter. The percent ground cover of shrub, turf, and sealed ground 
(i.e., asphalt and concrete) was estimated from the center of the plot.  
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Figure 5.1. Map of study regions (QLD, NSW), locations (front, source), and pictures of 
the sub-environments within each location (edge, park, urban) representing the urban 
gradients within each city.  
 
The relationship between habitat characteristics, common myna and noisy miner 
abundance with species richness was explored using Generalized Linear Models (Zuur et 
al., 2009). Dependent variables include species richness estimated using (SJack2). 
Explanatory variables include common myna abundance, noisy miner abundance, tree 
density, percent shrub ground cover, and NDVI. Explanatory variables were tested for 
collinearity and were included in the final model if they had a variance inflation factor of 
less than four (Crawley, 2007). Models were run with Poisson (scaled to compensate for 
overdispersion), and negative binomial error distributions and the model with the lowest 
AIC values were selected. Model simplification was conducted with the drop1 function, 
and stepAIC function (Zuur et al., 2009). 
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Results 
Community richness 
In total, we conducted 648 surveys (24 for each of the 27 sites) and recorded 168 species 
across all study locations. Regionally, 132 species were recorded in our 15 Queensland 
sites while 117 species were recorded in the 12 New South Wales (NSW) sites. This 
included 129 native and five invasive species (Appendix C). The introduced bird species 
are the common myna, common starling and the rock dove in the QLD sites and the 
European goldfinch, common myna, common starling, common blackbird, and rock dove 
in the NSW sites. As expected, species richness along the urbanization gradient showed 
that edge sites contained the most species, followed by the park then urban sites (Figure 
5.2; Bino et al., 2008; Shwartz et al., 2008b; Fontana et al., 2011). The pattern of 
decreasing richness with increasing levels of urbanization was consistent after pooling 
the data for each region, and front vs. sources locations (Figure 5.2) 
 
Bird abundance across gradients 
Total bird abundance did not significantly change along the urban gradient between 
regions (Figure 5.2) or across front and source locations. The common myna and noisy 
miner showed different patterns of abundance along the urban gradient and across 
source-front sites. The noisy miner was more abundant than common myna across all 
levels of the urban gradient in QLD. While in NSW the noisy miner was more abundant 
in edge habitats, the two species were equally abundant in parks, and the common myna 
was more abundant in urban sub-environments. The noisy miner was more abundant in 
QLD compared to NSW (Figure 5.3), while the common myna was not significantly 
different between regions. Across front source locations in each region, the noisy miner 
was generally more abundant in source sites in both QLD and NSW (Figure 5.3). The 
common myna was slightly more abundant in QLD source sites and showed no 
front/source differences in NSW.  
 
Urban exploiters, adapters, avoiders 
Based on species presence across all urban sub-environments in each region, we found a 
gradual loss of species with increasing urbanization of sub-environments within local 
scales (Figure 5.4). Urban adapters (species that were found in two or more, but not all of 
the urban and park sites), were the largest group, with 83 species in QLD and 84 species 
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in NSW. Urban adapters, therefore, represent 60-70 % of the urban bird assemblages in 
our study regions. Urban avoiders (species found only the edge sites) were the next 
largest group with 35 species in NSW and 42 species in QLD that were only found in the 
least developed sites. Some species (9 in NSW, 10 in QLD) were only seen once over 
two years of surveys. The smallest group in terms of the number of species was the urban 
exploiters (species present in all of the urban sites) which included ten birds in NSW and 
16 in QLD which could be considered urban exploiters. These species accounted for 
8.5% and 11.6% of the total species pool in NSW and QLD but accounted for 42% and 
52% of all individuals birds observed in the respective regions. The two study regions 
shared six of the ten most abundant species including the Australian magpie 
(Gymnorhina tibicen), laughing kookaburra (Dacelo novaeguineae) and magpie-lark 
(Grallina cyanoleuca), the galah (Eolophus roseicapilla) and the noisy miner and 
rainbow lorikeet (Trichoglossus moluccanus).  
 
Bird habitat relationships 
Across all 27 study sites, species richness was positively correlated with percent 
bushland ground cover, and NDIV and both the common myna and noisy miner 
abundance showed a weak negative relationship with species richness and bushland 
(Table 5.2). Generalized linear models with negative binomial error distribution provided 
the best-fit minimal adequate models for species richness. The best model included 
percent bush groundcover, the abundance of common myna, and the abundance of the 
noisy miner as explanatory variables, but only the percent bush ground cover and noisy 
miner abundance were significant (Table 5.2).  
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Table 5.1.Study site details and habitat characteristics used in the generalized linear 
models. Human population is provided as a reference for city size. The ‘site’ factor 
includes the a-priori selection of three urban sub-environments in each study location. 
The mean NDVI value was measured around each study location in a 100 x 100 m square 
centered on the survey location in each study site to quantify surrounding vegetation. The 
percent of ground cover variables were calculated using vegetation surveys in each site.  
 
Region 
Invasion 
gradient 
Location 
Human 
pop 
(year) 
Site 
NDVI 
100 X 100 (m) 
% grass % sealed surface % bush 
NSW 
front 
Gloucester 
2336 
(2011) 
Edge 0.804 20.62 0 79.37 
Open Park 0.698 56.15 20 23.87 
Urban 0.463 40 54.37 5.62 
Krambach 
392 
(2011) 
Edge 0.762 21.87 13.75 64.37 
Open Park 0.726 87.5 12.5 0 
Urban 0.589 4.625 94.75 0.62 
source 
Blackbutt 
436200 
(2016) 
Edge 0.814 37.5 0 62.5 
Open Park 0.566 36.62 42.87 20.5 
Urban 0.311 27.75 70 2.25 
Glendale 
200,831 
(2016) 
Edge 0.591 62.5 0 37.5 
Open Park 0.603 74.75 12.62 12.65 
Urban 0.447 35.62 58.12 6.25 
QLD 
Front 
Dayboro 
1692 
(2011) 
Edge 0.610 25 0 75 
Open Park 0.558 78.75 18.12 3.125 
Urban 0.494 46.875 50 2.5 
Landsborough 
3,706 
(2011) 
Edge 0.718 38.125 9.37 52.5 
Open Park 0.523 52.5 38.12 9.37 
Urban 0.496 46.25 31.87 20 
Source 
Norman Park 
6,003 
(2011) 
Edge 0.518 43.75 20 36.25 
Open Park 0.554 90 6.875 4.37 
Urban 0.571 72.5 26.87 0.62 
Oxley Common 
7,291 
(2011) 
Edge 0.621 21.66 0 78.33 
Open Park 0.616 55 2.85 42.14 
Urban 0.518 40 12.14 47.85 
University of 
Queensland, 
Gatton campus 
304 
(2011) 
Edge 0.587 80 1.87 18.12 
Open Park 0.636 68.75 28.75 3.75 
Urban 0.532 75 22.5 2.5 
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Figure 5.2. Avian species richness (Jackknife estimates +/- SE) and abundance 
calculated for each sub-environment (edge, park, urban) representing the invasion 
gradient within the front and source locations of the two regions (QLD and NSW) 
combined (a & c), and the two regions with front and source locations combined (b & d).  
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Figure 5.3. Mean observed survey abundance of the common myna and the noisy miner 
in Queensland and New South Wales across the a) urban gradient and b) front-source 
locations.  
 
-0.5
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
edge park urban edge park urban
QLD NSW
A
v
er
ag
e 
su
rv
ey
 a
b
u
n
d
an
ce
 Common Myna
Noisy Miner
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
front source front source
QLD NSW
A
v
er
ag
e 
su
rv
ey
 a
b
u
n
d
an
ce
Common Myna
Noisy Miner
a) 
b) 
     
 
102 
 
 
 
 
 
 
 
Figure 5.4. Presence and absence (black squares are present) for species (each column) in each sub-environment, for a) New South Wales, and 
b) Queensland. Sites are grouped and colored by sub-site with an edge, park, and urban being green, light green, and grey respectfully. Urban 
exploiters (species that occurred at all sites), representing 8.5% and 11.6% of the regional species pool (10 NSW; 15 QLD). Many more species 
are urban adapters and occurred in some but not all of the sites (84 NSW; 83 QLD) representing 71.7% and 62.8% of NSW and QLD species 
respectfully. Urban avoiders, species found only in edge sites were the second largest group (23 NSW; 31 QLD). The urban exploiters (species 
recorded at all sites) made up 42% and 52% of the total individuals recorded in NSW and QLD respectfully.  
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Table 5.2. GLM residuals for testing the relationship between species richness and local habitat 
structure and the presence of aggressive urban-adapted species (the common myna and noisy 
miner). Models used a negative binomial error distribution and a log link.  
  Estimate Std. Error z value Pr(>|z|)   
(Intercept) 4.127 0.181 22.784 < 2e-16 *** 
% shrub groundcover 0.007 0.003 3.351 0.001 *** 
Common myna abundance 0.248 0.159 1.562 0.118   
Noisy miner abundance -0.424 0.139 -3.058 0.002 ** 
 
          
Significance codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 
 
 
Discussion 
Bird communities across disturbance gradients 
In our investigation of bird community response to different disturbance gradients (invasion and 
urbanization), we found fewer bird species but no change in bird abundance with increasing 
urbanization a result found across many urban environments (Blair, 1996; Kark et al., 2007; 
Fontana et al., 2011). This pattern was consistent across different regions and locations along an 
invasion source-front gradient regardless of urban-rural survey location. The majority of bird 
species across our study regions can be considered urban adapters, and can make use of some or all 
urban sub-environments. Our urban sub-environments that had more complex habitat structure 
(shrub ground cover) and fewer noisy miners supported more species; a finding that lends further 
support to the importance of urban green space with complex vegetation structure (Bolger et al., 
1997; Chace & Walsh, 2006; Shwartz et al., 2008a; Shanahan & Possingham, 2009; Archibald et 
al., 2017). A large number of urban adapters in our study suggests that maintaining structurally 
complex vegetation within urban parks has the potential to support a large number of species 
(Parsons et al., 2003; Shwartz et al., 2008b; Archibald et al., 2017). 
 A decline in bird richness with increasing urbanization together with a few, but highly 
abundant, urban exploiter species reveal a pattern of biotic homogenization often found in urban 
environments (McKinney & Lockwood, 1999; van Rensburg et al., 2009). The overall bird 
abundance did not change significantly with an increase in urbanization because highly abundant 
urban exploiter species compensated for the loss of species in the most urbanized sub-environments. 
Although the urban exploiters only accounted for 8.5% (10 species) and 11.6% (16 species) of the 
total number of bird species observed in NSW and QLD, they accounted for 42% and 52% of the 
overall abundance observed in the respective regions. Of these urban exploiters, six species were 
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found in both study regions and therefore be considered highly significant within the process of 
biotic homogenization in our study sites.   
We found weak support for the impact of common myna on community richness, relative to the 
strong influence of the urban gradient and the abundance of noisy miners. Grarock et al., (2014a) 
investigating common myna impacts along an urban gradient in Canberra found that the common 
myna in combination with habitat change was a driver of changes in bird communities, but they did 
not test the impact of noisy miners. The small differences in the abundance of mynas we observed 
across our sites may also have contributed to their relatively small influence on overall species 
richness. Assessing common myna impacts at broad spatial scales will need to explore how myna 
aggression varies with local myna abundance. However, when evaluating the importance of 
aggression by invasive species in structuring communities, the baseline levels of aggression by 
native species, such as the noisy miner, must also be taken into account especially as mynas and 
miners have a high overlap in habitat preferences (Mac Nally et al., 2012; Haythorpe et al., 2014).  
When considering variation along the urban/rural gradient, total species richness was lower in 
larger cities compared to our more rural study sites may be due to shorter distances from our rural 
sites to intact forests, allowing more species to filter into urban sub-environments (Fontana et al., 
2011; Chang & Lee, 2016). However, the same patterns of species loss with increasing urbanization 
intensity in both large and small cities suggests that maintaining remnant habitat even in small cities 
has conservation benefits for many birds. While we showed that individual species are gradually 
lost from urban habitats in our study region, other work has shown that thresholds in species’ urban 
tolerance can develop such that as cities expand beyond a certain size, they support sustainably 
fewer species (Garaffa et al., 2009). Whether such significant thresholds exist in Australia is 
unclear, but testing such relationship could inform how many species we expect to lose as urban 
areas expand (Fuller et al., 2009; Rayner et al., 2015).  
Individual species tolerance to urbanization revealed a pattern of gradual species loss across 
urban environments (Blair, 1996; Shwartz et al., 2008a; Joyce et al., 2018). Conservation efforts to 
support the urban adapters, therefore, stand to benefit between 60-70 % of birds that can use some 
or all parts of modified habitats (Edwards et al., 2011; Rogers & Chown, 2014; Ives et al., 2016). 
Importantly presence alone does not mean urban environments support the long-term survival of 
local populations, and in a study of the long term population trends of the birds in Brisbane Joyce et 
al., (2018) found that most species in the city were declining, with even common species showing 
long term declines in urban areas. The relatively recent establishment of Australian cities within the 
last 200 years and the proximity of remnant habitat, may mean that there remains an extinction debt 
in urban areas (Szabo et al., 2011; Hanski, 2013; Soga & Koike, 2013). More research is needed on 
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how remnant habitat can be improved to meet the breeding requirements for Australia’s urban bird 
community (Bolger et al., 1997; Rodewald & Shustack, 2008; Dale, 2017).  
 
Patterns of urban habitat use by alien and despotic species 
Beyond changes in habitat, interactions between species can also drive changes in community 
composition (Tindall et al., 2007; Kath et al., 2009; McClure et al., 2011; Maron et al., 2013, 
Chapter 2/3 of this thesis), creating additional challenges for conservation management in urban 
areas (Grarock et al., 2014a). The two aggressive species, the common myna, and noisy miner, 
showed few significant differences in abundance across all urban sub-environments or between the 
invasion front and invasion source. The most significant difference across our study sites was the 
higher abundance of noisy miners in QLD compared to NSW. Aggressive interactions between 
noisy miners and native species can influence bird community composition at large spatial scales 
(Grey et al., 1998; Montague-Drake et al., 2011), and such interactions need to be explicitly 
explored in urban areas (Hodgson et al., 2007; Thomson et al., 2015). The noisy miner is known to 
display high levels of direct aggression (Haythorpe et al., 2014), a pattern of behavior that stands in 
contrast to experimental studies quantifying aggressive interactions around food sources in common 
mynas suggesting that mynas are less aggressive than many native species (Sol et al., 2011). 
Regardless of the relative impact of each species on bird communities, both mynas and miners show 
preferences for more open habitats so efforts to maintain or restore habitat should mitigate the 
impact of these two species. 
Patterns of common myna abundance across source-front gradients were not significantly 
different, but mynas showed significant patterns in abundance along the NSW urbanization 
gradient. The pattern of increasing common myna abundance with increasing urbanization in NSW 
is consistent with other studies from across its range (Pell & Tidemann, 1997b; Griffin et al., 2012; 
Grarock et al., 2013a). The lack of a clear pattern in QLD may be due to different patterns in 
urbanization between the two study regions, or the different competitive ability of local myna 
populations which have to interact with a higher abundance of noisy miners in QLD. Common 
myna can reach high densities in cities (Pell & Tidemann, 1997b; Grarock et al., 2012), and in some 
parts of its invasive range, it is one of the most common urban birds (Griffin et al., 2012). However, 
across our study sites, the common myna was one of at least ten species which were common across 
urban environments all of which are aggressive urban adapters (Griffin et al., 2012). The drivers of 
common myna abundance at landscape scales remains a key gap in our understanding of common 
myna invasion dynamics which limits generalizations of mynas impacts on native species across its 
invasive range (Newson et al., 2011; Baker, 2017). The relative influence of competition, habitat 
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quality, and predation as drivers of common myna density are not well understood across its 
invasive range. As the impact of common myna on local bird assemblages is largely inferred from 
patterns of increasing myna and decreasing birds at larger spatial scales (Tindall et al., 2007; 
Grarock et al., 2012), our poor understanding of the drivers of myna abundance at large spatial 
scales limits what conclusions can be made about common myna impacts. Future research exploring 
whether there exists abundance thresholds beyond which impact of common myna have significant 
impacts on urban bird community composition are needed to prioritize management efforts for this 
widespread invasive bird (Grarock et al., 2014b).  
The important drivers of bird occupancy of habitat space in our study was the abundance of 
noisy miners and the amount of shrub ground cover. The finding that habitats with the more 
complex ground cover were used by more species is supported by many studies from our study 
region (Shanahan & Possingham, 2009; Rayner et al., 2015; Archibald et al., 2017). An especially 
important finding is that we found higher bird diversity in edge sites across small spatial scales, 
such that even small patches of habitat with complex vegetation structure will benefit urban birds 
(Shwartz et al., 2008a). Increasing complex understory vegetation reduces the suitability of that 
habitat for noisy miners, and as common myna also have a preference for more open habitats, small 
patches of shrubs and dense forest provide a refuge for birds in transformed environments away 
from aggressive urban-adapted species.  
 
Conserving birds urban in urban environments 
Australia is a mega diverse country with cities occurring in many diverse climatic and 
environmental gradients. Here we showed that significant differences in species richness do occur at 
small spatial scales within urban and peri-urban environments, with remnant habitat supporting 
many more species than more urban habitat. Conserving urban habitat patches that have high 
structural complexity will support more species while also deterring highly competitive species 
such as noisy miners and reportedly common mynas (Pell & Tidemann, 1997b; Dhami & Nagle, 
2009; Grarock et al., 2014a).  
While a few species occurred across all urban environments, the majority of species, 60-70 
% of birds, can make some use of moderately urbanized habitats. A large number of species present 
in cities means that there are lots of opportunities to improve urban habitats for birds by maintaining 
or restoring vegetated patches and corridors (Shwartz et al., 2008a; Fontana et al., 2011). While 
long term declines in many common urban bird populations are occurring (Joyce et al., 2018), the 
next steps in urban bird conservation should focus on what influences the reproductive dynamics for 
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urban birds, such that specific breeding habitat can be conserved or maintained in urban 
environments.  
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Chapter 6  
Thesis Discussion 
 
 
Photo: Andrew Rogers  
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Main findings 
Understanding how birds use key resources such as habitat space and nesting sites is critical for 
conserving and managing species in highly modified habitat (Mac Nally & Timewell, 2005; Daniels 
& Kirkpatrick, 2006; Le Roux et al., 2014a). Patterns of species abundance and interactions in 
different landscape contexts can reveal important habitat features, and threatening processes 
improving conservation management options (Shwartz et al., 2008a). However, there is likely to be 
significant variation in both resource availability and competition over critical resources, such that 
context-specific studies are needed to identify where and when managing species and habitat will 
provide the most benefit for urban wildlife (Brazill-Boast et al., 2013a; Le Roux et al., 2016a; 
Lindenmayer et al., 2016). The complex patterns in urban wildlife use of habitat resulting from 
multiple disturbance sources such as habitat change, invasive species impacts, and competition and 
predation from other native species, requires a better understanding ofspecies-specific habitat needs 
(Webb et al., 2012; Aronson et al., 2016; Stojanovic et al., 2018). 
They are knowing where birds nest is critical for conserving native species and managing 
invasive species in the face of landscape-level habitat change (Garden et al., 2010; Stojanovic et al., 
2017; Webb et al., 2017). For cavity-nesting species, which cannot make their cavities, competition 
over a limited number of tree hollows has significant impacts on reproductive success (Dhondt & 
Adriaensen, 1999; Orchan et al., 2013; Charter et al., 2016). Despite the importance of competition, 
the competitive interactions between most cavity breeding species remain poorly known in across 
Australia. A mechanistic framework for understanding inter-specific interaction networks for 
hollow-breeding birds provides a metric of potentially invasive species impacts (Hulme, 2003; 
Kamenova et al., 2017). Specifically for the interaction web for southeast Queensland birds 
revealed that species that similar nesting requirements showed higher levels of aggression toward 
each other. The high levels of aggression displayed by the common alien myna also help explain 
how this bird has successfully integrated into a community with little free niche space (Harrington 
et al., 2015). The relationship between overlap in breeding niche and competition intensity in 
southeast Queensland improves our ability to predict where and when cavity breeding species 
interactions are likely to be significant, providing a way to examine potential invasive species 
impacts in unstudied communities across Australia. Additionally, predicting where and when 
species are likely to interact can be applied to any system globally for which there is sufficient data 
on cavity-breeding species nesting requirements. 
As species distributions change with habitat loss at landscape levels, interactions between 
species will also change (Kokkoris et al., 2002; Trojelsgaard et al., 2015). However, inter-specific 
interactions are poorly known for most communities, even in highly modified, and accessible 
     
 
110 
 
communities like those in Tasmania. Despite having a higher percentage of non-native species 
reported compared to anywhere else in Australia (Gibbons & Lindenmayer, 2002; Koch et al., 
2008), few studies have investigated the impacts of multiple species introductions across the 
continent and multiple locations. In our case study on Tasmania, several of the threatened species 
have been well studied, but the likely competition between many common, and endemic species 
have not been studied at all. Across Australia, many common cavity-nesting bird species are 
showing declines in abundance due to landscape-level habitat change and competitive interactions 
between species (Birdlife Australia, 2015). While landscape-level habitat change is relatively easy 
to map at large spatial scales, inter-specific competition is not. By applying a mechanistic model to 
the inter-specific competition, we can predict the likely interactions between individual species for 
entire cavity-nesting communities for the first time. Such and approach allows us to identify the 
impacts of multiple species introductions on all species for which there is available data, and allows 
for the prioritization of further research on invasive species impacts on previously unstudied 
species.  
I found that invasive species can have significant competitive impacts on native species 
around tree hollows; however such interactions occur within a system with many other aggressive 
and urban adapted animals. Previous work on nest box occupancy found that competition and local 
habitat structure is a major driver of nest box occupancy (Mänd et al., 2005; Grarock et al., 2013a; 
Le Roux et al., 2016b). This thesis discovered that interactions with native mammals are also likely 
to have a significant impact on urban birds in some cities, but whether such interactions are 
common across urban areas needs further investigation. While I did not find competition to be a 
significant driver of nest box occupancy the breeding dynamics of urban birds are likely influenced 
by the complex relationship between multiple interacting species, predators and landscape. The 
importance of nest predators is well established in studies of natural hollows (Garnett et al., 1999; 
Stojanovic et al., 2014b). However the impact of native mammals on urban cavity-nesting birds 
need to be studied explicitly for both nest boxes or urban tree hollows.  
Urban environments are made up of heterogeneous habitats with large differences in 
resource types and abundance (Blair, 2004; Garden et al., 2010). For cavity breeding birds, such 
variation is likely to have a significant influence on the relative importance of nest boxes (Le Roux 
et al., 2016a). While natural tree hollow availability is difficult to quantify (Koch, 2008; Stojanovic 
et al., 2012), I found higher nest box occupancy in larger cities where there are fewer large trees (Le 
Roux et al., 2014a, 2014b) increasing the importance of nest boxes in these sites. The highly 
variable nest box occupancy we found between species, between regions, and across different urban 
contexts (big cities and rural towns) reveal that the addition of nest boxes to habitats will not always 
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support species in the same way. While specific-specific nest box programs can be very important 
in supporting local populations of species (Brazill-Boast et al., 2013a; Stojanovic et al., 2018), the 
addition of boxes accessible to many species into habitats is unlikely to produce consistent 
conservation outcomes for urban birds (Ikin et al., 2012; Lindenmayer et al., 2017).  
 As resource availability in urban environments changes with landscape context and local 
scale difference in habitat structure, patterns in the use of different urban habitats also changes 
(Blair, 2004). I found that the urban gradient had significant, consistent effects on bird community 
composition with fewer species found in more urban areas, in both urban and rural contexts. I also 
found that at across urban habitats more generally, species are lost from the urban gradient 
gradually, highlighting that most species can make some use of modified habitats (Edwards et al., 
2011; Rogers & Chown, 2014). Even moderately modified urban environments are used by a 
substantial percentage of bird species, meaning that urban conservation efforts which promote the 
retention of all but the most modified urban habitats will have benefits for a large number of urban 
birds.  
  
Major contributions 
There are substantial conservation opportunities in urban environments that benefit both wildlife 
and facilitate people’s connection with nature (Dearborn & Kark, 2009). However, why certain 
species can persist in different levels of urbanization are not well known. By examining the patterns 
in species use of habitat across different urban contexts and the interactions between species over 
resources, the relative importance of different sources of disturbance can be explored for species 
and communities (Doherty et al., 2015). Despite the high bird richness in Australian cities we still 
do not clearly understand much about the breeding dynamics of most species and inter-specific 
interactions are poorly described for most avian communities. The research presented here has 
improved our understanding of species competitive interactions, the mechanisms driving interaction 
intensity, provided a method to predict where and when invasive species impacts on nesting are 
likely to occur, shown that both habitat and predation are important processes for urban nesting 
birds and shown that most birds make some use of urban habitats. While there remains much to 
learn about how urban environments can be improved to support long term persistence of individual 
species, conservation efforts have the opportunity to help a large number of birds in Australian 
cities (Miller & Hobbs, 2013; Ives et al., 2016).  
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Conservation implications 
Limited conservation funds mean that money spent on actions such as invasive species control, or 
supplementing habitat space with nest boxes need to target to areas where they will provide the 
most benefit for the target species (Goldingay et al., 2015). Managing invasive species such as the 
common myna is difficult due to limited options for management, and this means that large scale 
reductions in myna populations are unlikely to be successful (Grarock et al., 2014b). As common 
mynas do have not been found to have significant impacts on other species’ foraging space (Sol et 
al., 2012), managing common myna in reserves and individuals competing for natural tree hollows 
is an option to reduce the impact of those individuals which prefer to nest in sites which would 
otherwise be used by native species.  
 Competition between species for nest boxes is common in Australia, but optimal nest box 
design and placement for urban nesting species remains poorly understood. While the rates of use of 
different box design by many species are well understood (Goldingay et al., 2015; Le Roux et al., 
2016b), general recommendations on which boxes minimize invasive species occupancy and reduce 
predation by native species are lacking. We show that complex interactions between the local 
species pool create large variation in the occupancy of boxes and that regional studies will need to 
be done to find boxes which provide the most benefit for local populations. Additionally, predation, 
not just competition with invasive birds, needs to be considered when deploying boxes.  
 Habitat heterogeneity, even across small spatial scales can be especially important for 
maintaining bird diversity in urban settings (Shwartz et al., 2008a; Garden et al., 2010). We found 
that urban habitats conserve a large number of species, such that efforts to maintain complex habitat 
structure can support substantial numbers of birds, highlighting the potential benefit of local 
conservation efforts to restore even small patches of habitats. Based on the importance of vegetation 
structure in my study supports previous work which has found that increasing habitat structure in 
open spaces, and even weedy habitats have conservation value (Shanahan & Possingham, 2009; 
Shanahan et al., 2011b; Archibald et al., 2017).  
 
Limitations and future research 
Variation in resource use and inter-specific interactions across urban habitats are important drivers 
of species use of urban habitats (Bolger et al., 1997; Anderies et al., 2007; Chang & Lee, 2016). 
While I found variation in nest box use (across sites, regions, and invasion gradients), species 
interactions, and patterns in habitat use, it is unclear how such processes influence long term trends 
in species populations. In particular, little is known about how urban cavity-nesting communities 
have changed over time for most cities in Australia (Keast, 1995), both in terms of individual 
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species abundances and the change in species composition. Understanding the consequences of 
resource use, and competition on reproductive success is critical for understanding the importance 
of such processes on population dynamics and species persistence in modified habitats (Garden et 
al., 2010; Saavedra et al., 2016).  
 Competition between species over nesting sites can be high in urban areas (Davis et al., 
2013), but little is known about the relative importance of such competition on reproductive fitness 
of species in Australia. While competitive interactions can impact reproductive success (Finch, 
1990; Heinsohn et al., 2003; Edworthy, 2016), and are a commonly cited impact of invasive cavity-
nesting species (Orchan et al., 2013; Hernandez-Brito et al., 2014; Yosef et al., 2016), competition 
in the form of aggressive interactions is common between native species as well. The impact of 
native-native competition for nesting sites has received little attention aside from studies on a few 
threatened species (Tidemann et al., 1992; Heinsohn et al., 2003; Murphy et al., 2003; Brazill-Boast 
et al., 2013b; Edworthy, 2016), despite the introduction of 21 native species beyond their historic 
ranges. In our study, interactions between species like the rainbow lorikeet (a species invasive in 
Tasmania and Western Australia, but native in our sites) and the scaly-breasted lorikeet show that 
the rainbow lorikeet won the large majority of interactions. Anecdotal reports from birders in the 
Brisbane region suggest that the scaly-breasted lorikeet abundance has declined over the last 30 
years, while rainbow lorikeets have greatly increased in abundance (Birds Queensland, pers. 
Comm.). The competitive superiority of the rainbow lorikeet over the scaly-breasted is a possible 
driver of the decline of scaly-breasted lorikeets. Identifying which species are in need of 
conservation action, will require species-specific information on long term population trends and 
details on how inter-specific competition influences reproductive success in urban areas.  
 The competitive interactions observed in this study were centered on trees in modified 
urbanized habitats, and it is likely that interactions will vary between different habitats (Kokkoris et 
al., 2002; Poisot et al., 2012). If tree hollows are less limited in native forests, it is likely that levels 
of aggressive competitive interactions will also change. Remote monitoring of natural cavities is 
likely to reveal important interactions from competition to predation (Davis et al., 2013; Cotsell & 
Vernes, 2016), but such studies have not been conducted systematically to compare interactions 
around tree hollows across different habitat types.  
 Competition over supplemental artificial nest sites did show that landscape context changes 
the importance of such additional resources. However it is not clear how the patterns we observed 
in the nest boxes reflect processes occurring in natural tree hollows. In particular, whether the high 
failure rates of nests in our boxes are similar to that in natural tree hollows is not known. High 
failure rates could be the result of inexperienced parents using our boxes (Marketa et al., 2016; 
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Goldshtein et al., 2018). Alternatively, the boxes may be an ecological trap for less competitive 
individuals (which cannot compete for higher quality nest sites), if the boxes are more susceptible to 
increased predation or the temperature gets too high in summer. Without a baseline understanding 
of reproductive success in natural tree hollows, it is unclear how nest boxes contribute to local 
population dynamics of cavity-nesting species.  
 The local bird communities across our study sites showed that habitat change associated 
with urbanization creates consistent patterns in species loss but also that a large number of species 
use some part of urban habitats. While presence alone does not mean that urban areas can support 
the long term persistence of an individual species (Ford et al., 2009; Kuussaari et al., 2009; Hanski, 
2013), identifying critical breeding habitats in urban areas is need to understand the extent to which 
urban habitats support native species beyond their general use of certain habitat patches (Stojanovic 
et al., 2018). Additionally, work identifying each species’ urban tolerance threshold beyond which 
they are no longer able to use more modified habitats will aid in providing concrete restoration 
goals for urban conservation projects.  
Managing invasive species and their impacts in the face of ongoing species introductions 
and limited knowledge of species interactions requires finding better ways to prioritize research 
efforts and conservation action. In this work, I found that resource use of nesting sites and habitat 
space is likely to be significantly different in different urban contexts, such that impacts of invasive 
species are also likely to be context specific. In order to better predict where impacts are likely to be 
significant, I explored how species niche space is related to interaction frequency, such that 
predictions of where species are likely to interact significantly can be made and should be 
prioritized for future research. Such approaches can be applied to widespread invasive species like 
the common myna and common starling, novel introduced species like the rose-ringed parakeet 
which is increasingly being reported in the wild around Sydney, and it can be applied globally for 
other cavity breeding communities that have been impacted by invasive species or habitat loss. 
While there remains much to be understood about the breeding dynamics of urban birds, the results 
of this research can be used to improve hypothesis-driven field ecology and conservation 
management in urban areas by providing a framework in which to test the importance of species 
interactions and competition over critically limited resources. 
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Appendix A 
Table 1. Species traits used to model the breeding niche overlap in chapter 1. Species traits include average body mass, minimum body mass, 
maximum body mass, brain volume, brain mass residuals, relative brain size, native or non-native status for SE QLD. Sources: Garnett et.al. (2015) 
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Pacific Black Duck PBDu 1060 600 1400 5.33 5.521 -0.12 0.005028 native 
Grey Teal GrTe 493 323 670 3.52 3.646 -0.12 0.00714 native 
Dollarbird  142 95.3 186 1.98 2.051 -0.13 0.013944 native 
Laughing Kookaburra  312 190 469 4.31 4.465 0.11 0.013814 native 
Nankeen Kestrel  179 115 273 3.14 3.254 0.08 0.017542 native 
Yellow-tailed Black-Cockatoo  661 321 900 15.08 15.622 0.44 0.022814 native 
Galah  306 200 440 6.43 6.668 0.26 0.021013 native 
Long-billed Corella  567 357 718 10.64 11.023 0.32 0.018765 non-native 
Little Corella  497 340 635 8.91 9.236 0.29 0.017928 native 
Sulphur-crested Cockatoo  735 502 1020 14.24 14.752 0.39 0.019374 native 
Australian King-Parrot  207 174 285 4.48 4.648 0.2 0.021643 native 
Red-rumped Parrot  63 28 86 1.97 2.042 0.15 0.03127 native 
Pale-headed Rosella  103 86 285 3.06 3.170 0.21 0.029709 native 
Rainbow Lorikeet  126 84 169 3.66 3.791 0.24 0.029048 native 
Scaly-breasted Lorikeet  86.9 77 97 3.05 3.159 0.26 0.035098 native 
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Tree Martin  16.6 13.8 19.3 0.52 0.538 -0.09 0.031325 native 
Common Starling  77.5 55 100 1.97 NA NA 0.025419 non-native 
Common Myna  113 82 143 2.48 NA NA 0.021947 non-native 
Rock Dove  306 219 363 2.152 NA NA 0.007033 non-native 
Sacred Kingfisher  53.07 28 75 1.03 1.06 -0.08 0.019408 native 
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Table 2. Species traits used to model the breeding niche overlap in chapter 1. Species traits include cavity characteristics reported in the Handbook of 
Australian, New Zealand, and Antarctic Birds. 
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Pacific Black 
Duck 
hanzab 0.1 8.22 2.9 32 33 90 NA NA 28 spout 
Grey Teal hanzab NA NA 3.5 52 30 90 NA NA 52 tree hollow, spout, nest box, under shrub, 
rabbit burrows 
Dollarbird hanzab 6 35 14.6 34 7 8.5 10.0 NA NA Limb, trunk, termite mound,  
Laughing 
Kookaburra 
hanzab 0.2 18 8.4 203 8 40 8 NA 203 Trunk, termite nests, earth banks, rock cavities, 
nest boxes, holes in walls/buildings, haystacks, 
ferns 
Nankeen 
Kestrel 
hanzab 0.10 NA 6 67 10.00 31 25 55 9 tree hollows, old bird nests, cliffs, ant-hills, 
nest-boxes, sink holes, caves, buildings,  
Yellow-tailed 
Black-
Cockatoo 
hanzab 5 55.8 22.37 33 30 46 35 NA 33 trunk, spout, stump,  
Galah hanzab 1 19 5.03 371 6 41 21 NA 48 trunk, limb,  
Long-billed 
Corella 
hanzab 1.5 25 13.25 NA 11 30 11 NA 13 trunk, limb, cavity cliff,  
Little Corella hanazab 1.6 11 6.05 18 16 25 19 NA 7 limb, trunk, rock crevice, mangroves, termite 
mounds 
Sulphur-
crested 
Cockatoo 
hanzab 1.1 35 11.35 84 17 27 17 NA 10 limb, trunk, stump, rock crevice,  
Australian 
King-Parrot 
hanzab 5.8 25 12.9 9 6.0 52.5 100.0 8.51 5 Limb, trunk,  
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Red-rumped 
Parrot 
hanzab 0.3 20 3.05 26 5.5 6.0 6.5 59.6 22 trunk, branch, log, nest box, oil drum, fence 
post, power pole, clump of grass, buildings, 
burrow,  
Pale-headed 
Rosella 
hanzab 0.8 22.6 5.4 7 6 9 17.0 NA NA limb, spout, trunk, stump, fence post, nest box,  
Rainbow 
Lorikeet 
hanzab 3.5 18.3 9.6 14 8 30 22 NA NA spout, trunk, building, nest box,  
Scaly-breasted 
Lorikeet 
hanzab 3 20 9.9 27 5 15 5 21.9 13 spout, knothole, branch, trunk,  
Tree Martin hanzab 0.3 30 6.6 177 3 10 9 29 5 spout, knot-hole, branch, trunks, stumps, 
burrows, caves, crevices, buildings, nest boxes, 
welcome swallow nests, or fairy martin nests.  
Common 
Starling 
hanzab 0.1 33 5.1 606 3.5 20 11 9.5 11 tree hollows, nest boxes, buildings, roofs,  
Common 
Myna 
hanzab 0.2 20 5.2 56 6 12 6 NA NA limb, trunk, nest box, building, wall, cliff, 
palm trees, rock stacks, roofs, fence posts,  
Rock Dove NA 3 30 16.5 NA 15 100 NA NA NA none 
Sacred 
Kingfisher 
hanzab 0.5 35 7.1 99 2.5 15 5.8 23 13 tree, termite mound, burrow 
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Table 3. Species traits used to model the breeding niche overlap in chapter 1. Species traits include breeding month and reported interactions between 
species from the Handbook of Australian, New Zealand, and Antarctic Birds. 
 
1_Taxon_sort_1 all breeding months Notes on competition 
Pacific Black Duck June-Jan  
Grey Teal July-Dec  
Dollarbird Oct-Jan Outcompeted by sulphur crested cockatoo. Outcompetes Common Myna, Laughing Kookaburra, 
Cockatiels,  
Laughing Kookaburra Aug-Jan Competes with bees and possums 
Nankeen Kestrel Aug:dec  
Yellow-tailed Black-Cockatoo oct-feb Nest in old growth forest, compete with red-tailed black-cockatoo, owls, kookaburras, possums 
(Dawson 1994) 
Galah feb- nov Competes usurped shelducks, kestrel, short-billed black cockatoo, regent parrot, australian 
ringneck, barn owl, southern boobok, owlet nightjar. Also competes with wood duck, black duck, 
major mitchelles cockatoo, sulfur-crested cockatoo, little corrella, western corrella, superb parrot, 
cockatiel, feral bees, ants. Sothern Boobok have evicted galah.  
Long-billed Corella july-dec  
Little Corella sept Usurp galah for nesting hollow.  
Sulphur-crested Cockatoo July-Nov share hollow with barking owls, barn owls, laughing kookaburras,  
Australian King-Parrot Sept-Jan  
Red-rumped Parrot Aug-Dec competes with house sparrows, grey teal,  
Pale-headed Rosella Sept-Jan  
Rainbow Lorikeet Year round Once layed eggs in blue-winged kookaburra hollow,  
Scaly-breasted Lorikeet Feb-Jan  
Tree Martin aug-jan Roost in hollows. Will use same nests as budgerigar, laughing kookaburra, Striated Pardalote. 
Same tree or near nest of common starling, red-rumped parrot, Gala, little corella, Budgerigar, 
brown treecreeper, striated pardalote, raptors, magpie-lark, Dollarbird. Shared a nest with Budgi,  
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Common Starling July-Dec Uses same cavities as chestnut teal, superb parrot, eastern rosella, Australian ringneck, blue 
bonnet, red-rumped parrot, blue-winged parrot, owlet nightjar, brown treecreeper, woodswallows, 
house sparrow. 
Common Myna Aug-Jan Outcompetes galah, eastern rosella, sacred kingfisher, house sparrow, common starling 
Rock Dove all year  
Sacred Kingfisher Sept-march Competes with house sparrows, common starlings, common myna, forest kingfisher 
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Table 2 . Species names and four letter codes  for species observed interacting  
 
Australasian Figbird AuFi 
Australian King-Parrot AuKP 
Australian Magpie AuMa 
Black-shouldered Kite BSKi 
Blue-faced Honeyeater BFHe 
Brown Falcon BrFa 
Channel-billed Cuckoo CBCu 
Common Myna CoMy 
Dollarbird Doll 
Galah Gala 
Grey Teal GrTe 
Laughing Kookaburra LaKo 
Little Corella LiCo 
Long-billed Corella LBCo 
Magpie-lark MaLa 
Nankeen Kestrel NaKe 
Noisy Friarbird NoFr 
Noisy Miner NoMi 
Pale-headed Rosella PHRo 
Pied Butcherbird PiBu 
Pied Currawong PiCu 
Rainbow Lorikeet RaLo 
Red-rumped Parrot RrLo 
Rock Dove RoDo 
Scaly-breasted Lorikeet SBLo 
Squirell Glider 
Sulphur-crested Cockatoo SCCo 
Torresian Crow ToCr 
Tree Martin TrMa 
Whistling Kite WhKi 
White-breasted Woodswallow WBWs 
Willie Wagtail WiWa 
Yellow-tailed Black-cockatoo YTBC 
Common Starling CoSt 
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Figure 1. Rarefraction curves calculated for species (left curve), and interacting species (right 
curve) levelled off suggesting we had sufficiently sampled the community. This data is for the 
entire pooled community.  
 
 
Figure 2. The site level curves for species all levelled off although at slightly different rates. 
This has been added to the thesis appendix for this chapter 
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Appendix C 
Table 1. The common and scientific names and the toal abundance in each study region. Abundances were 
calculated as the total number of indivudals seen during point counts.  
NSW QLD 
Common Name Scientific Name Total Common Name Scientific Name Total  
Australian Figbird Sphecotheres 
vieilloti 
137 Australian Brush-
turkey 
Alectura latham 4 
Australian hobby Falco longipennis 1 Australian Figbird Sphecotheres 
vieilloti 
590 
Australian krestel Falco cenchroides 1 Australian hobby Falco longipennis 1 
Australian Magpie Cracticus tibicen 757 Australian Magpie Cracticus tibicen 139 
Australian Pied 
Cormorant 
Phalacrocorax 
varius 
3 Australian Raven Corvus coronoides 2 
Australian Raven Corvus coronoides 243 Australian White 
Ibis 
Threskiornis 
moluccus 
128 
Australian White 
Ibis 
Threskiornis 
moluccus 
90 Australian Wood 
Duck 
Chenonetta jubata 11 
Australian Wood 
Duck 
Chenonetta jubata 205 Bar-shouldered 
Dove 
Geopelia 
humeralis 
14 
Azure Kingfisher Alcedo azurea 2 Bell Miner Manorina 
melanophrys 
8 
Bar-shouldered 
Dove 
Geopelia humeralis 1 Black Falcon Falco subniger 1 
Bell Miner Manorina 
melanophrys 
2 Black Kite Milvus migrans 2 
Black-faced 
Cuckoo-shrike 
(blank) 99 Black-faced 
Cuckoo-shrike 
Coracina 
novaehollandiae 
56 
Black-necked 
Stork 
Ephippiorhynchus 
asiaticus 
1 Black-winged Stilt Himantopus 
himantopus 
1 
Blue-faced 
Honeyeater 
Entomyzon 
cyanotis 
9 Blue-faced 
Honeyeater 
Entomyzon 
cyanotis 
63 
Brown Gerygone Gerygone mouki 10 Brown Cuckoo 
Dove 
Macropygia 
amboinensis 
2 
Brown Goshawk Accipiter fasciatus 1 Brown Gerygone Gerygone mouki 2 
Brown Honeyeater Lichmera 
indistincta 
11 Brown Goshawk Accipiter fasciatus 2 
Brown Thornbill Acanthiza pusilla 29 Brown Honeyeater Lichmera 
indistincta 
66 
Brush Bronzewing  Phaps elegans 7 Brown Quail Coturnix 
ypsilophora 
1 
Cattle Egret Ardea ibis 5 Cattle Egret Bubulcus ibis 294 
Channel-billed 
Cuckoo 
Scythrops 
novaehollandiae 
3 Channel-billed 
Cuckoo 
Scythrops 
novaehollandiae 
22 
Chestnut Teal Anas castanea 9 Cicadabird Coracina 
tenuirostris 
10 
Cicadabird Coracina 
tenuirostris 
1 Cockatiel Nymphicus 
hollandicus 
33 
Collared Sparrow 
Hawk 
Accipiter 
cirrocephalus 
2 Collared Sparrow 
Hawk 
Accipiter 
cirrocephalus 
1 
Common 
Blackbird 
Turdus merula 8 Common Myna Acridotheres tristis 235 
Common Myna Acridotheres tristis 842 Common Starling Sturnus vulgaris 48 
Common Starling Sturnus vulgaris 345 Crested Pigeon Ocyphaps lophotes 66 
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Crested Pigeon Ocyphaps lophotes 518 Crested Shrike-
thrush 
Falcunculus frontatus 1 
Crimson Rosella Platycercus 
elegans 
79 Dollarbird Eurystomus 
orientalis 
1 
Dollarbird Eurystomus 
orientalis 
9 Double-barred 
Finch 
Taeniopygia 
bichenovii 
47 
Dusky Moorhen Gallinula 
tenebrosa 
16 Dusky Moorhen Gallinula 
tenebrosa 
2 
Eastern Koel Eudynamys 
orientalis 
11 Eastern Koel Eudynamys 
orientalis 
19 
Eastern Rosella Platycercus 
eximius 
200 Double Eastern 
Whipbird 
Psophodes 
olivaceus 
25 
Eastern Spinebill  Acanthorhynchus 
tenuirostris 
35 Eastern Yellow 
Robin 
Eopsaltria 
Australis 
3 
Eastern Whipbird Psophodes 
olivaceus 
27 Fan-tailed Cuckoo Cacomantis 
flabelliformis 
5 
Eastern Yellow 
Robin 
Eopsaltria 
Australis 
25 Galah Eolophus 
roseicapilla 
116 
Eurasian Coot Fulica atra 4 Golden Whistler Pachycephala 
pectoralis 
3 
European 
Goldfinch 
Carduelis carduelis 2 Golden-headed 
Cisticola  
Cisticola exilis 29 
Fairy Martin Petrochelidon ariel 14 Great Egret Ardea alba 1 
Fan-tailed Cuckoo Cacomantis 
flabelliformis 
2 Grey Butcherbird Cracticus 
torquatus 
250 
figbird Sphecotheres 
vieilloti 
9 Grey Fantail Rhipidura 
albiscapa 
16 
Galah Eolophus 
roseicapilla 
275 Grey Shrike-thrush Colluricincla 
harmonica 
10 
Golden Whistler Pachycephala 
pectoralis 
26 Grey-crowned 
Babbler 
Pomatostomus 
temporalis 
4 
Great Egret Ardea alba 5 Intermediate Egret Mesophoyx 
intermedia 
1 
Grey Butcherbird Cracticus torquatus 11 King Parrot Alisterus 
scapularis 
14 
Grey Fantail Rhipidura 
albiscapa 
93 Large-billed 
Scrubwren 
Sericornis 
magnirostris 
2 
Grey Goshawk Accipiter 
novaehollandiae 
1 Laughing 
Kookaburra 
Dacelo 
novaeguineae 
22 
Grey Shrike-thrush Colluricincla 
harmonica 
2 Leaden Flycatcher Myiagra rubecula 2 
Hardhead Aythya australis 2 Lewins Honeyeater Meliphaga lewinii 49 
House Sparrow Passer domesticus 136 Little Black 
Cormorant  
Phalacrocorax 
sulcirostris 
1 
King Parrot Alisterus scapularis 64 Little Corella  Cacatua sanguinea 726 
Laughing 
Kookaburra 
Dacelo 
novaeguineae 
148 Little Friarbird Philemon 
citreogularis 
11 
Leaden Flycatcher Myiagra rubecula 1 Little Lorikeet Glossopsitta 
pusilla 
5 
Lewins 
Honeyeater 
Meliphaga lewinii 77 Little Pied 
Cormorant 
Microcarbo 
melanoleucos 
5 
Little Corella  Cacatua sanguinea 129 Little Shrike-thrush Colluricincla 
megarhyncha 
2 
Little Lorikeet Glossopsitta pusilla 4 Little Wattlebird Anthochaera 
chrysoptera 
5 
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Little Pied 
Cormorant 
Microcarbo 
melanoleucos 
14 Long-billed Corella Cacatua 
tenuirostris 
23 
Magpie Lark Grallina 
cyanoleuca 
483 Magpie Goose Anseranas 
semipalmata 
26 
Masked Lapwing Vanellus miles 51 Magpie Lark Grallina 
cyanoleuca 
138 
Mistletoebird Dicaeum 
hirundinaceum 
5 Mangrove 
Gerygone 
Gerygone levigaste 5 
Musk Lorikeet Glossopsitta 
concinna 
11 Masked Lapwing Vanellus miles 74 
Nankeen Kestrel Falco cenchroides 1 Mistletoebird Dicaeum 
hirundinaceum 
3 
Noisy Friarbird Philemon 
corniculatus 
69 Noisy Friarbird Philemon 
corniculatus 
12 
Noisy Miner Manorina 
melanocephala 
664 Noisy Miner Manorina 
melanocephala 
515 
Olive-backed 
Oriole 
Oriolus sagittatus 18 Olive-backed Oriole Oriolus sagittatus 26 
Pacific Black 
Duck 
Anas superciliosa 76 Pacific Baza Aviceda 
subcristata 
1 
Peaceful Dove Geopelia striata 3 Pacific Black Duck Anas superciliosa 24 
Pied Butcherbird Cracticus 
nigrogularis 
14 Pale-headed Rosella Platycerus 
adscitus 
8 
Pied Currawong Strepera graculina 84 Peaceful Dove Geopelia striata 7 
Purple Swamphen Porphyrio 
porphyrio 
38 Pheasant Coucal Centropus 
phasianinus 
8 
Rainbow Lorikeet Trichoglossus 
haematodus 
928 Pied Butcherbird Cracticus 
nigrogularis 
39 
Red Wattlebird Anthochaera 
carunculata 
199 Pied Cormorant Strepera graculina 1 
Red-browed Finch Neochmia 
temporalis 
19 Pied Currawong Strepera graculina 13 
Red-rumped Parrot Psephotus 
haematonotus 
24 Plumed Whistling 
Duck 
Dendrocygna 
eytoni 
193 
   Purple Swamphen Porphyrio 
porphyrio 
18 
Reed Warbler Acrocephalus 
australis 
1 Rainbow Lorikeet Trichoglossus 
haematodus 
892 
Restless Flycatcher Myiagra inquieta 1 Red-backed 
Fairywren 
Malurus 
melanocephalus 
49 
Rock Dove Columba livia 92 Red-browed Finch Neochmia 
temporalis 
3 
Rose Robin Petroica rosea 1 Red-rumped Parrot Dendrocygna 
eytoni 
5 
Rufus Whistler Pachycephala 
rufiventris 
21 Restless Flycatcher Myiagra inquieta 3 
Sacred Kingfisher Todiramphus 
sanctus 
13 Rock Dove Columba livia 459 
Satin Bowerbird Ptilonorhynchus 
violaceus 
55 Rose Robin Petroica rosea 1 
Scaly-breasted 
Lorikeet 
Trichoglossus 
chlorolepidotu 
35 Rufus fantail Rhipidura 
rufifrons 
1 
Scarlet Honeyeater Myzomela 
sanguinolenta 
9 Rufus Whistler Pachycephala 
rufiventris 
14 
Shining Bronze-
cuckoo 
Chrysococcyx 
lucidus 
1 Sacred Kingfisher Todiramphus 
sanctus 
6 
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Short-billed 
Corella 
Cacatua sanguinea 26 Scaly-breasted 
Lorikeet 
Trichoglossus 
chlorolepidotu 
225 
Silvereye Zosterops lateralis 75 Scarlet Honeyeater Myzomela 
sanguinolenta 
21 
singing honeyeater Lichenostomus 
virescens 
2 Silvereye Zosterops lateralis 118 
Spiny-cheeked 
honeyeater 
Acanthagenys 
rufogularis 
7 Spangled Drongo Dicrurus 
bracteatus 
23 
Spotted Dove Spilopelia 
chinensis 
276 Spectacled Monarch Monarcha 
trivirgatus 
2 
Spotted Pardalote Pardalotus 
punctatus 
9 Spotted Dove Spilopelia 
chinensis 
53 
Straw-necked Ibis Threskiornis 
spinicollis 
40 Straw-necked Ibis Threskiornis 
spinicollis 
136 
Striated Pardalote Pardalotus striatus 45 Striated Pardalote Pardalotus striatus 14 
Striated Thornbill Acanthiza lineata 2 Striated Thornbill Acanthiza lineata 3 
Sulphur Crested 
Cockatoo 
Cacatua galerita 12 Striped Honeyeater Plectorhyncha 
lanceolata 
13 
Sulphur-crested 
Cockatoo 
Cacatua galerita 111 Sulphur-crested 
Cockatoo 
Cacatua galerita 87 
Superb Fairywren Malurus cyaneus 126 Superb Fairywren Malurus cyaneus 41 
Topknot Pigeon Lopholaimus 
antarcticus 
54 Tawny Grassbird Megalurus 
timoriensis 
34 
Torresian Crow Corvus orru 16 Torresian Crow Corvus orru 210 
Tree Martin Petrochelidon 
nigricans 
24 Tree Martin Petrochelidon 
nigricans 
12 
Welcome Swallow Hirundo neoxena 162 Varied Sitella Daphoenositta 
chrysoptera 
10 
White-browed 
Scrubwren 
Sericornis frontalis 20 Varied Triller Lalage leucomela 1 
White-cheeked 
Honeyeater 
Phylidonyris niger 4 Varigated 
Fairywren 
Malurus lamberti 9 
White-eared 
Honeyeater 
Nesoptilotis 
leucotis 
2 Welcome Swallow Hirundo neoxena 78 
White-faced Heron Egretta 
novaehollandiae 
13 Whistling Duck Dendrocygna 
eytoni 
206 
White-headed 
Pigeon 
Columba 
leucomela 
209 Whistling Kite Haliastur 
sphenurus 
6 
White-naped 
Honeyeater 
Melithreptus 
lunatus 
3 White-bellied 
Cuckooshrike 
Coracina 
papuensis 
2 
White-necked 
Heron 
Ardea pacifica 5 White-bellied Sea 
Eagle 
Haliaeetus 
leucogaster 
1 
White-plumed 
Honeyeater 
Lichenostomus 
penicillatus 
61 White-breasted 
Woodswallow 
Artamus 
leucorynchus 
5 
White-throated 
Gerygone 
Gerygone olivacea 10 White-browed 
Scrubwren 
Sericornis frontalis 12 
White-throated 
Treecreeper 
Cormobates 
leucophaea 
1 White-faced Heron Egretta 
novaehollandiae 
1 
Willy Wagtail Rhipidura 
leucophrys 
101 White-headed 
Pigeon 
Columba 
leucomela 
2 
yellow faced 
honeyeater 
Lichenostomus 
chrysops 
2 White-naped 
Honeyeater 
Melithreptus 
lunatus 
7 
Yellow Thornbill Acanthiza nana 6 White-throated 
Gerygone 
Gerygone olivacea 4 
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 #N/A 78 White-throated 
Honeyeater 
Melithreptus 
albogularis 
3 
Yellow-faced 
Honeyeater 
Lichenostomus 
chrysops 
83 White-throated 
Needletail 
Hirundapus 
caudacutus 
52 
Yellow-rumped 
Thornbill 
Acanthiza 
chrysorrhoa 
17 White-throated 
Treecreeper 
Cormobates 
leucophaea 
3 
Yellow-tailed 
Black Cockatoo 
Calyptorhynchus 
funereus 
4 Willy Wagtail Rhipidura 
leucophrys 
51 
zebra finch Taeniopygia 
guttata 
17 Wonga Pigeon Leucosarcia 
melanoleuca 
1 
   Yellow-faced 
Honeyeater 
Lichenostomus 
chrysops 
1 
   Yellow-tailed Black 
Cockatoo 
Calyptorhynchus 
funereus 
11 
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Table 2. Nesting box occupancy data. U= Urban, P = Park, E = Edge.  
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NSW 1 1 front NSW Gloucester U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 2 front NSW Gloucester U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 3 front NSW Gloucester U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 4 front NSW Gloucester U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 5 front NSW Gloucester U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 6 front NSW Gloucester U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 7 front NSW Gloucester U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 8 front NSW Gloucester U 0 0 2 0 0 0 2 1 0 0 0 0 5 0 0 0 0 0 0 0 0 5 1 2 0 
NSW 1 9 front NSW Gloucester P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 10 front NSW Gloucester P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 11 front NSW Gloucester P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 12 front NSW Gloucester P  0 0 1 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 0 
NSW 1 13 front NSW Gloucester P  0 0 1 0 0 0 1 1 0 0 0 0 6 0 0 0 0 0 0 1 1 7 2 1 0 
NSW 1 14 front NSW Gloucester P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 
NSW 1 15 front NSW Gloucester P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 1 0 0 
NSW 1 16 front NSW Gloucester P  0 0 1 0 0 0 1 1 0 0 0 0 5 0 0 0 0 0 0 0 0 5 1 1 0 
NSW 1 17 front NSW Gloucester E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 
NSW 1 18 front NSW Gloucester E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 
NSW 1 19 front NSW Gloucester E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 1 0 0 
NSW 1 20 front NSW Gloucester E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 1 0 0 
NSW 1 21 front NSW Gloucester E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 22 front NSW Gloucester E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 23 front NSW Gloucester E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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NSW 1 24 front NSW Gloucester E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 25 front NSW Krambach E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 26 front NSW Krambach E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 27 front NSW Krambach E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 28 front NSW Krambach E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 29 front NSW Krambach E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 30 front NSW Krambach E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 31 front NSW Krambach E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 32 front NSW Krambach E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 
NSW 1 33 front NSW Krambach P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 34 front NSW Krambach P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 35 front NSW Krambach P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 36 front NSW Krambach P  0 0 1 0 0 0 1 1 0 0 0 0 7 0 0 0 0 0 0 0 0 7 1 0 1 
NSW 1 37 front NSW Krambach P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 38 front NSW Krambach P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 39 front NSW Krambach P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 40 front NSW Krambach P  0 1 0 0 0 0 1 1 0 0 0 8 0 0 0 0 0 0 0 0 0 8 1 0 1 
NSW 1 41 front NSW Krambach U 2 0 0 0 0 0 2 1 0 0 12 0 0 0 0 0 0 0 0 0 0 12 1 1 1 
NSW 1 42 front NSW Krambach U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 43 front NSW Krambach U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 44 front NSW Krambach U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 45 front NSW Krambach U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 46 front NSW Krambach U 1 0 0 0 0 0 1 1 0 0 4 0 0 0 0 0 0 0 0 0 0 4 1 0 1 
NSW 1 47 front NSW Krambach U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 48 front NSW Krambach U 1 0 0 0 0 0 1 1 0 0 4 0 0 0 0 0 0 0 0 0 0 4 1 0 1 
NSW 1 49 
sourc
e NSW Blackbutt P  0 0 1 0 0 0 1 1 0 0 1 0 4 0 0 0 0 0 0 0 0 5 2 1 0 
NSW 1 50 
sourc
e NSW Blackbutt P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 51 
sourc
e NSW Blackbutt U 1 0 0 0 0 0 1 1 0 0 4 0 0 0 0 0 0 0 0 0 0 4 1 1 0 
NSW 1 52 
sourc
e NSW Blackbutt U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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NSW 1 53 
sourc
e NSW Blackbutt U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 54 
sourc
e NSW Blackbutt P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 55 
sourc
e NSW Blackbutt P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 56 
sourc
e NSW Blackbutt P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 1 0 0 
NSW 1 57 
sourc
e NSW Blackbutt P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 58 
sourc
e NSW Blackbutt P  3 0 0 0 0 0 3 1 0 0 9 0 0 0 0 0 0 0 0 0 0 9 1 2 1 
NSW 1 59 
sourc
e NSW Blackbutt P  2 0 1 0 0 0 3 2 0 0 12 0 2 0 0 0 0 0 0 0 0 14 2 1 2 
NSW 1 60 
sourc
e NSW Blackbutt E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 61 
sourc
e NSW Blackbutt U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 62 
sourc
e NSW Blackbutt U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 63 
sourc
e NSW Blackbutt E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 64 
sourc
e NSW Blackbutt E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 65 
sourc
e NSW Blackbutt E 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
NSW 1 66 
sourc
e NSW Blackbutt E 0 2 0 0 0 0 2 1 0 0 0 5 0 0 0 0 0 0 0 0 0 5 1 2 0 
NSW 1 67 
sourc
e NSW Blackbutt U 1 0 0 0 0 0 1 1 0 0 6 0 0 0 0 0 0 0 0 2 2 8 2 0 1 
NSW 1 68 
sourc
e NSW Blackbutt E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 69 
sourc
e NSW Blackbutt U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 70 
sourc
e NSW Blackbutt U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 71 
sourc
e NSW Blackbutt E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 72 
sourc
e NSW Blackbutt E 0 1 0 0 0 0 1 1 0 0 0 4 0 0 0 0 0 0 0 4 4 8 2 1 0 
NSW 1 73 
sourc
e NSW Glendale P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 74 
sourc
e NSW Glendale P  2 0 0 0 0 0 2 1 0 0 7 0 0 0 0 0 0 0 0 0 0 7 1 1 1 
NSW 1 75 
sourc
e NSW Glendale U 1 0 1 0 0 0 2 2 0 0 3 0 4 0 0 0 0 0 0 0 0 7 2 2 0 
NSW 1 76 
sourc
e NSW Glendale U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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NSW 1 77 
sourc
e NSW Glendale U 0 0 2 0 0 0 2 1 0 0 1 0 4 0 0 0 0 0 0 0 0 5 2 2 0 
NSW 1 78 
sourc
e NSW Glendale P  1 0 0 0 0 0 1 1 0 0 6 0 0 0 0 0 0 0 0 1 1 7 2 1 0 
NSW 1 79 
sourc
e NSW Glendale P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 80 
sourc
e NSW Glendale P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 81 
sourc
e NSW Glendale P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 82 
sourc
e NSW Glendale U 0 0 2 0 0 0 2 1 0 0 0 0 14 0 0 0 0 0 0 0 0 14 1 2 0 
NSW 1 83 
sourc
e NSW Glendale U 1 0 1 0 2 0 4 3 0 0 0 0 1 0 4 0 0 0 0 0 0 5 2 2 2 
NSW 1 84 
sourc
e NSW Glendale U 4 0 0 0 0 0 4 1 0 0 14 0 1 0 0 0 0 0 0 0 0 15 2 2 2 
NSW 1 85 
sourc
e NSW Glendale U 1 0 0 0 0 0 1 1 0 0 6 0 0 0 0 0 0 0 0 0 0 6 1 1 0 
NSW 1 86 
sourc
e NSW Glendale U 0 0 1 0 0 0 1 1 0 0 0 0 2 0 0 0 0 0 0 0 0 2 1 1 0 
NSW 1 87 
sourc
e NSW Glendale P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 88 
sourc
e NSW Glendale P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 
NSW 1 89 
sourc
e NSW Glendale E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 90 
sourc
e NSW Glendale E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 91 
sourc
e NSW Glendale E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 1 0 0 
NSW 1 92 
sourc
e NSW Glendale E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 1 93 
sourc
e NSW Glendale E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 8 8 1 0 0 
NSW 1 94 
sourc
e NSW Glendale E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 1 0 0 
NSW 1 95 
sourc
e NSW Glendale E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 
NSW 1 96 
sourc
e NSW Glendale E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 4 1 0 0 
NSW 2 1 front NSW Gloucester U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 2 front NSW Gloucester U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 3 front NSW Gloucester U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 4 front NSW Gloucester U 0 0 1 0 0 0 1 1 0 0 0 0 2 0 0 0 0 0 0 0 0 2 1 1 0 
NSW 2 5 front NSW Gloucester U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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NSW 2 6 front NSW Gloucester U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 7 front NSW Gloucester U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 8 front NSW Gloucester U 0 0 1 0 0 0 1 1 0 0 0 0 6 0 0 0 0 0 0 0 0 6 1 1 0 
NSW 2 9 front NSW Gloucester P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 8 8 1 0 0 
NSW 2 10 front NSW Gloucester P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 1 0 0 
NSW 2 11 front NSW Gloucester P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 
NSW 2 12 front NSW Gloucester P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 1 0 0 
NSW 2 13 front NSW Gloucester P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 14 front NSW Gloucester P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 15 front NSW Gloucester P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 16 front NSW Gloucester P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 
NSW 2 17 front NSW Gloucester E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 1 0 0 
NSW 2 18 front NSW Gloucester E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 19 front NSW Gloucester E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 1 0 0 
NSW 2 20 front NSW Gloucester E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 
NSW 2 21 front NSW Gloucester E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 22 front NSW Gloucester E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 23 front NSW Gloucester E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 24 front NSW Gloucester E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 
NSW 2 25 front NSW Krambach E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 26 front NSW Krambach E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 27 front NSW Krambach E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 28 front NSW Krambach E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 29 front NSW Krambach E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 3 3 2 0 0 
NSW 2 30 front NSW Krambach E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 31 front NSW Krambach E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 32 front NSW Krambach E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 
NSW 2 33 front NSW Krambach P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 34 front NSW Krambach P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 35 front NSW Krambach P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 
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NSW 2 36 front NSW Krambach P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 37 front NSW Krambach P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 38 front NSW Krambach P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 39 front NSW Krambach P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 40 front NSW Krambach P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 41 front NSW Krambach U 2 0 0 0 0 0 2 1 0 0 8 0 0 0 0 0 0 0 0 0 0 8 1 0 2 
NSW 2 42 front NSW Krambach U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 43 front NSW Krambach U 0 0 1 0 0 0 1 1 0 0 0 0 8 0 0 0 0 0 0 0 0 8 1 0 1 
NSW 2 44 front NSW Krambach U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 45 front NSW Krambach U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 46 front NSW Krambach U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 47 front NSW Krambach U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 48 front NSW Krambach U 1 0 0 0 0 0 1 1 0 0 6 0 0 0 0 0 0 0 0 0 0 6 1 0 1 
NSW 2 49 
sourc
e NSW Blackbutt P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 50 
sourc
e NSW Blackbutt P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 51 
sourc
e NSW Blackbutt U 1 0 0 0 0 0 1 1 0 0 2 0 0 0 0 0 0 0 0 0 0 2 1 1 0 
NSW 2 52 
sourc
e NSW Blackbutt U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 53 
sourc
e NSW Blackbutt U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 54 
sourc
e NSW Blackbutt P  0 0 1 0 0 0 1 1 0 0 0 0 2 0 0 0 0 0 0 0 0 2 1 1 0 
NSW 2 55 
sourc
e NSW Blackbutt P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 56 
sourc
e NSW Blackbutt P  3 0 0 0 0 0 3 1 0 0 12 0 0 0 0 0 0 0 0 0 0 12 1 0 3 
NSW 2 57 
sourc
e NSW Blackbutt P  0 0 1 0 0 0 1 1 0 0 0 0 3 0 0 0 0 0 0 0 0 3 1 1 0 
NSW 2 58 
sourc
e NSW Blackbutt P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 
NSW 2 59 
sourc
e NSW Blackbutt P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 1 0 0 
NSW 2 60 
sourc
e NSW Blackbutt E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 1 0 0 
NSW 2 61 
sourc
e NSW Blackbutt U 1 0 0 0 0 0 1 1 0 0 6 0 0 0 0 0 0 0 0 0 0 6 1 0 1 
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NSW 2 62 
sourc
e NSW Blackbutt U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 63 
sourc
e NSW Blackbutt E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 64 
sourc
e NSW Blackbutt E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 65 
sourc
e NSW Blackbutt E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 66 
sourc
e NSW Blackbutt E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 67 
sourc
e NSW Blackbutt U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 68 
sourc
e NSW Blackbutt E 0 1 0 0 0 0 1 1 0 0 0 7 0 0 0 0 0 0 0 0 0 7 1 1 0 
NSW 2 69 
sourc
e NSW Blackbutt U 1 0 0 0 0 0 1 1 0 0 5 0 0 0 0 0 0 0 0 0 0 5 1 0 1 
NSW 2 70 
sourc
e NSW Blackbutt U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 71 
sourc
e NSW Blackbutt E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 72 
sourc
e NSW Blackbutt E 0 0 1 0 0 0 1 1 0 0 0 0 10 0 0 0 0 0 0 13 13 23 2 1 0 
NSW 2 73 
sourc
e NSW Glendale P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 74 
sourc
e NSW Glendale P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 
NSW 2 75 
sourc
e NSW Glendale U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 76 
sourc
e NSW Glendale U 3 0 0 0 0 0 3 1 0 0 12 0 0 0 0 0 0 0 0 0 0 12 1 2 1 
NSW 2 77 
sourc
e NSW Glendale U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 78 
sourc
e NSW Glendale P  1 0 0 0 0 0 1 1 0 0 6 0 0 0 0 0 0 0 0 1 1 7 2 0 1 
NSW 2 79 
sourc
e NSW Glendale P  2 0 0 0 0 0 2 1 0 0 11 0 0 0 0 0 0 0 0 0 0 11 1 0 2 
NSW 2 80 
sourc
e NSW Glendale P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 81 
sourc
e NSW Glendale P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 82 
sourc
e NSW Glendale U 1 0 0 0 0 0 1 1 0 0 6 0 0 0 0 0 0 0 0 0 0 6 1 0 1 
NSW 2 83 
sourc
e NSW Glendale U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 9 1 0 1 
NSW 2 84 
sourc
e NSW Glendale U 0 0 1 0 1 0 2 2 0 0 0 0 7 0 6 0 0 0 0 0 0 13 2 2 0 
NSW 2 85 
sourc
e NSW Glendale U 2 0 0 0 0 0 2 1 0 0 12 0 0 0 1 0 0 0 0 0 0 13 2 1 1 
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NSW 2 86 
sourc
e NSW Glendale U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 
NSW 2 87 
sourc
e NSW Glendale P  1 0 0 0 0 0 1 1 0 0 3 0 0 0 0 0 0 0 0 0 0 3 1 1 0 
NSW 2 88 
sourc
e NSW Glendale P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NSW 2 89 
sourc
e NSW Glendale E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 
NSW 2 90 
sourc
e NSW Glendale E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 1 0 0 
NSW 2 91 
sourc
e NSW Glendale E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 12 12 1 0 0 
NSW 2 92 
sourc
e NSW Glendale E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 6 6 1 0 0 
NSW 2 93 
sourc
e NSW Glendale E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 1 0 0 
NSW 2 94 
sourc
e NSW Glendale E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 1 0 0 
NSW 2 95 
sourc
e NSW Glendale E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 1 0 0 
NSW 2 96 
sourc
e NSW Glendale E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 1 
sourc
e QLD 
Oxley Creek 
Common  P  0 0 0 2 0 0 2 1 0 0 0 0 0 4 0 0 0 0 0 0 0 4 1 1 1 
QLD 1 2 
sourc
e QLD 
Oxley Creek 
Common  P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 3 1 0 0 
QLD 1 3 
sourc
e QLD 
Oxley Creek 
Common  P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 15 15 15 1 0 0 
QLD 1 4 
sourc
e QLD 
Oxley Creek 
Common  P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 5 1 0 0 
QLD 1 5 
sourc
e QLD 
Oxley Creek 
Common  P  1 0 0 1 0 0 2 2 0 0 4 0 0 10 0 0 0 0 0 0 0 14 2 1 1 
QLD 1 6 
sourc
e QLD 
Oxley Creek 
Common  P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 13 13 13 1 0 0 
QLD 1 7 
sourc
e QLD 
Oxley Creek 
Common  P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 5 1 0 0 
QLD 1 8 
sourc
e QLD 
Oxley Creek 
Common  P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 9 
sourc
e QLD 
Oxley Creek 
Common  U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 1 10 
sourc
e QLD 
Oxley Creek 
Common  U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 1 11 
sourc
e QLD 
Oxley Creek 
Common  U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 12 
sourc
e QLD 
Oxley Creek 
Common  U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 13 
sourc
e QLD 
Oxley Creek 
Common  U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 10 10 1 0 0 
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QLD 1 15 
sourc
e QLD 
Oxley Creek 
Common  U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 16 
sourc
e QLD 
Oxley Creek 
Common  U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 4 4 1 0 0 
QLD 1 17 
sourc
e QLD 
Oxley Creek 
Common  E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 5 1 0 0 
QLD 1 18 
sourc
e QLD 
Oxley Creek 
Common  E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 3 1 0 0 
QLD 1 21 
sourc
e QLD 
Oxley Creek 
Common  E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 1 0 0 
QLD 1 22 
sourc
e QLD 
Oxley Creek 
Common  E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 8 8 8 1 0 0 
QLD 1 23 
sourc
e QLD 
Oxley Creek 
Common  E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 1 0 0 
QLD 1 24 
sourc
e QLD 
Oxley Creek 
Common  E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 6 6 6 1 0 0 
QLD 1 26 
sourc
e QLD Norman P E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 3 1 0 0 
QLD 1 27 
sourc
e QLD Norman P E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 4 4 4 2 0 0 
QLD 1 28 
sourc
e QLD Norman P E 1 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 7 5 12 12 13 3 1 0 
QLD 1 29 
sourc
e QLD Norman P E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 30 
sourc
e QLD Norman P E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 6 6 6 1 0 0 
QLD 1 31 
sourc
e QLD Norman P E 1 0 0 0 0 0 1 1 0 0 4 0 0 0 0 0 0 1 0 1 1 5 2 0 1 
QLD 1 32 
sourc
e QLD Norman P E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 0 15 15 15 1 0 0 
QLD 1 33 
sourc
e QLD Norman P E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 1 0 0 
QLD 1 34 
sourc
e QLD Norman P P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 1 35 
sourc
e QLD Norman P P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 9 9 9 1 0 0 
QLD 1 36 
sourc
e QLD Norman P P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 13 13 13 1 0 0 
QLD 1 37 
sourc
e QLD Norman P P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 5 1 0 0 
QLD 1 38 
sourc
e QLD Norman P P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 6 6 6 1 0 0 
QLD 1 39 
sourc
e QLD Norman P P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 40 
sourc
e QLD Norman P P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 41 
sourc
e QLD Norman P P  1 0 0 0 0 0 1 1 0 0 9 0 0 0 0 0 0 0 0 0 0 9 1 0 1 
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QLD 1 42 
sourc
e QLD Norman P U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 1 43 
sourc
e QLD Norman P U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 1 0 0 
QLD 1 44 
sourc
e QLD Norman P U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 45 
sourc
e QLD Norman P U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 46 
sourc
e QLD Norman P U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 47 
sourc
e QLD Norman P U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 0 0 
QLD 1 48 
sourc
e QLD Norman P U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 49 
sourc
e QLD Norman P U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 5 1 0 0 
QLD 1 50 front QLD Dayboro P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 6 6 6 1 0 0 
QLD 1 51 front QLD Dayboro P  0 0 0 1 0 0 1 1 0 0 0 0 0 5 0 0 0 0 0 0 0 5 1 1 0 
QLD 1 52 front QLD Dayboro P  0 0 0 1 1 0 2 2 0 0 0 0 0 2 2 0 0 0 1 1 1 5 3 1 1 
QLD 1 53 front QLD Dayboro P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 7 7 7 1 0 0 
QLD 1 54 front QLD Dayboro P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 5 1 0 0 
QLD 1 55 front QLD Dayboro P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 2 2 2 0 0 
QLD 1 56 front QLD Dayboro P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 4 4 1 0 0 
QLD 1 57 front QLD Dayboro P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 1 0 0 
QLD 1 58 front QLD Dayboro U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 59 front QLD Dayboro U 0 0 0 1 1 0 2 2 0 0 0 0 0 4 1 0 0 0 0 0 0 5 2 1 1 
QLD 1 60 front QLD Dayboro U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 61 front QLD Dayboro U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 62 front QLD Dayboro U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 63 front QLD Dayboro U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 4 4 4 1 0 0 
QLD 1 64 front QLD Dayboro U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 0 0 
QLD 1 65 front QLD Dayboro U 0 0 0 1 0 0 1 1 0 0 0 0 0 3 0 0 0 0 0 0 0 3 1 1 0 
QLD 1 66 front QLD Dayboro E 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 2 0 0 1 1 1 3 2 0 1 
QLD 1 67 front QLD Dayboro E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 68 front QLD Dayboro E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 1 69 front QLD Dayboro E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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QLD 1 70 front QLD Dayboro E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 71 front QLD Dayboro E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 72 front QLD Dayboro E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 1 73 front QLD Dayboro E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 74 front QLD Landsborough U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 75 front QLD Landsborough U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 76 front QLD Landsborough U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 77 front QLD Landsborough U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 78 front QLD Landsborough U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 79 front QLD Landsborough U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 2 1 0 0 
QLD 1 80 front QLD Landsborough U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 81 front QLD Landsborough U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 82 front QLD Landsborough E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 1 83 front QLD Landsborough E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 84 front QLD Landsborough E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 0 0 
QLD 1 85 front QLD Landsborough E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 86 front QLD Landsborough E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 87 front QLD Landsborough E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 88 front QLD Landsborough E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 89 front QLD Landsborough E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 90 front QLD Landsborough P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 4 4 4 2 0 0 
QLD 1 91 front QLD Landsborough P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 1 92 front QLD Landsborough P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 6 7 7 7 2 0 0 
QLD 1 93 front QLD Landsborough P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 94 front QLD Landsborough P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 0 0 
QLD 1 95 front QLD Landsborough P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 96 front QLD Landsborough P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 97 front QLD Landsborough P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 1 98 
sourc
e QLD Gatton P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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QLD 1 99 
sourc
e QLD Gatton P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 3 1 0 0 
QLD 1 
10
0 
sourc
e QLD Gatton P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 1 0 0 
QLD 1 
10
1 
sourc
e QLD Gatton P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 1 
10
2 
sourc
e QLD Gatton P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 1 
10
3 
sourc
e QLD Gatton P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 
10
4 
sourc
e QLD Gatton P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 
10
5 
sourc
e QLD Gatton P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 3 1 0 0 
QLD 1 
10
6 
sourc
e QLD Gatton U 0 0 0 1 0 0 1 1 0 0 0 0 0 5 0 0 0 0 0 0 0 5 1 1 0 
QLD 1 
10
7 
sourc
e QLD Gatton U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 
10
8 
sourc
e QLD Gatton U 1 0 0 0 0 0 1 1 0 0 4 0 0 0 0 0 0 0 0 0 0 4 1 1 0 
QLD 1 
10
9 
sourc
e QLD Gatton U 1 0 0 1 0 0 2 2 0 0 7 0 0 9 0 0 0 0 1 1 1 17 3 0 2 
QLD 1 
11
0 
sourc
e QLD Gatton U 2 0 0 0 0 0 2 1 0 0 12 0 0 0 0 0 0 0 0 0 0 12 1 0 2 
QLD 1 
11
1 
sourc
e QLD Gatton U 4 0 0 0 0 0 4 1 0 0 16 0 0 0 0 0 0 0 0 0 0 16 1 0 4 
QLD 1 
11
2 
sourc
e QLD Gatton U 3 0 0 0 0 0 3 1 0 0 14 0 0 0 0 0 0 0 0 0 0 14 1 0 3 
QLD 1 
11
3 
sourc
e QLD Gatton U 1 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 1 0 
QLD 1 
11
4 
sourc
e QLD Gatton E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 3 3 4 4 2 0 0 
QLD 1 
11
5 
sourc
e QLD Gatton E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 2 2 2 0 0 
QLD 1 
11
6 
sourc
e QLD Gatton E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 1 1 4 4 2 0 0 
QLD 1 
11
7 
sourc
e QLD Gatton E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 3 3 1 0 0 
QLD 1 
11
8 
sourc
e QLD Gatton E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 3 3 1 0 0 
QLD 1 
11
9 
sourc
e QLD Gatton E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 1 
12
0 
sourc
e QLD Gatton E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 2 2 1 0 0 
QLD 1 
12
1 
sourc
e QLD Gatton E 3 0 0 0 0 0 3 1 0 0 10 0 0 0 0 0 0 0 0 0 0 10 1 2 1 
QLD 2 1 
sourc
e QLD 
Oxley Creek 
Common  P  1 0 0 0 0 0 1 1 0 0 5 0 0 1 0 0 0 0 0 0 0 6 2 1 1 
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QLD 2 2 
sourc
e QLD 
Oxley Creek 
Common  P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 2 3 
sourc
e QLD 
Oxley Creek 
Common  P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 10 10 1 0 0 
QLD 2 4 
sourc
e QLD 
Oxley Creek 
Common  P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 3 1 0 0 
QLD 2 5 
sourc
e QLD 
Oxley Creek 
Common  P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 3 1 0 0 
QLD 2 6 
sourc
e QLD 
Oxley Creek 
Common  P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 10 10 1 0 0 
QLD 2 7 
sourc
e QLD 
Oxley Creek 
Common  P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 8 
sourc
e QLD 
Oxley Creek 
Common  P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 2 9 
sourc
e QLD 
Oxley Creek 
Common  U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 9 9 10 1 0 0 
QLD 2 10 
sourc
e QLD 
Oxley Creek 
Common  U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 10 11 1 0 0 
QLD 2 11 
sourc
e QLD 
Oxley Creek 
Common  U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 5 1 0 0 
QLD 2 12 
sourc
e QLD 
Oxley Creek 
Common  U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 7 7 7 1 0 0 
QLD 2 13 
sourc
e QLD 
Oxley Creek 
Common  U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 10 10 1 0 0 
QLD 2 15 
sourc
e QLD 
Oxley Creek 
Common  U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 5 1 0 0 
QLD 2 16 
sourc
e QLD 
Oxley Creek 
Common  E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 6 6 6 1 0 0 
QLD 2 17 
sourc
e QLD 
Oxley Creek 
Common  E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 4 4 1 0 0 
QLD 2 18 
sourc
e QLD 
Oxley Creek 
Common  E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 5 1 0 0 
QLD 2 21 
sourc
e QLD 
Oxley Creek 
Common  E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 2 22 
sourc
e QLD 
Oxley Creek 
Common  E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 23 
sourc
e QLD 
Oxley Creek 
Common  E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 2 24 
sourc
e QLD Norman P E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 10 10 1 0 0 
QLD 2 26 
sourc
e QLD Norman P E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 10 10 1 0 0 
QLD 2 27 
sourc
e QLD Norman P E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 8 10 10 10 2 0 0 
QLD 2 28 
sourc
e QLD Norman P E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19 0 19 19 19 1 0 0 
QLD 2 29 
sourc
e QLD Norman P E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 4 14 14 14 2 0 0 
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QLD 2 30 
sourc
e QLD Norman P E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 12 16 16 17 2 0 0 
QLD 2 31 
sourc
e QLD Norman P E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 1 12 12 13 2 0 0 
QLD 2 32 
sourc
e QLD Norman P E 0 0 0 0 1 0 1 1 0 0 0 0 0 0 1 0 0 10 1 11 11 12 3 1 0 
QLD 2 33 
sourc
e QLD Norman P P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 7 14 14 14 2 0 0 
QLD 2 34 
sourc
e QLD Norman P P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 1 0 0 
QLD 2 35 
sourc
e QLD Norman P P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 1 0 0 
QLD 2 36 
sourc
e QLD Norman P P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 6 6 6 1 0 0 
QLD 2 37 
sourc
e QLD Norman P P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 3 1 0 0 
QLD 2 38 
sourc
e QLD Norman P P  1 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 4 4 4 5 2 1 0 
QLD 2 39 
sourc
e QLD Norman P P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 40 
sourc
e QLD Norman P P  1 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 2 1 1 0 
QLD 2 41 
sourc
e QLD Norman P U 1 0 0 0 0 0 1 1 0 0 2 0 0 0 0 0 0 0 0 0 0 2 1 1 0 
QLD 2 42 
sourc
e QLD Norman P U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 12 12 12 1 0 0 
QLD 2 43 
sourc
e QLD Norman P U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 8 8 8 1 0 0 
QLD 2 44 
sourc
e QLD Norman P U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 2 45 
sourc
e QLD Norman P U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 2 46 
sourc
e QLD Norman P U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 6 7 7 7 2 0 0 
QLD 2 47 
sourc
e QLD Norman P U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 2 19 19 19 2 0 0 
QLD 2 48 
sourc
e QLD Norman P U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 2 8 8 8 2 0 0 
QLD 2 49 
sourc
e QLD Dayboro P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 11 11 11 1 0 0 
QLD 2 50 front QLD Dayboro P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 9 9 10 1 0 0 
QLD 2 51 front QLD Dayboro P  0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 2 2 2 2 1 1 0 
QLD 2 52 front QLD Dayboro P  0 0 0 0 3 0 3 1 0 0 0 0 0 0 9 0 0 0 0 0 0 9 1 3 1 
QLD 2 53 front QLD Dayboro P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 7 8 8 8 2 0 0 
QLD 2 54 front QLD Dayboro P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 9 9 10 1 0 0 
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QLD 2 55 front QLD Dayboro P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 2 2 1 0 0 
QLD 2 56 front QLD Dayboro P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 1 0 0 
QLD 2 57 front QLD Dayboro U 0 0 0 0 1 0 1 1 0 0 0 0 0 0 6 0 0 2 1 3 3 9 3 1 0 
QLD 2 58 front QLD Dayboro U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 59 front QLD Dayboro U 0 0 0 0 2 0 2 1 0 0 0 0 0 0 18 0 0 0 0 0 0 18 1 0 3 
QLD 2 60 front QLD Dayboro U 0 0 0 0 2 0 2 1 0 0 0 0 0 0 5 0 0 0 1 1 1 7 2 1 1 
QLD 2 61 front QLD Dayboro U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 3 3 3 2 0 0 
QLD 2 62 front QLD Dayboro U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 2 63 front QLD Dayboro U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 3 14 14 14 2 0 0 
QLD 2 64 front QLD Dayboro U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 65 front QLD Dayboro E 0 0 0 0 1 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 1 
QLD 2 66 front QLD Dayboro E 0 0 0 1 0 0 1 1 0 0 0 0 0 8 0 0 0 0 0 0 0 8 1 0 1 
QLD 2 67 front QLD Dayboro E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 68 front QLD Dayboro E 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 5 0 0 0 0 0 5 1 0 1 
QLD 2 69 front QLD Dayboro E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 70 front QLD Dayboro E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 71 front QLD Dayboro E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 2 72 front QLD Dayboro E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 10 10 1 0 0 
QLD 2 73 front QLD Landsborough U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 74 front QLD Landsborough U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 75 front QLD Landsborough U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 76 front QLD Landsborough U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 1 0 0 
QLD 2 77 front QLD Landsborough U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 78 front QLD Landsborough U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 79 front QLD Landsborough U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 8 8 8 1 0 0 
QLD 2 80 front QLD Landsborough U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 2 81 front QLD Landsborough E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 2 82 front QLD Landsborough E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 83 front QLD Landsborough E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 84 front QLD Landsborough E 0 0 0 2 0 0 2 1 0 0 0 0 0 9 0 0 0 0 0 0 0 10 1 0 1 
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QLD 2 85 front QLD Landsborough E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 86 front QLD Landsborough E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 87 front QLD Landsborough E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 88 front QLD Landsborough E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 89 front QLD Landsborough P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 90 front QLD Landsborough P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 91 front QLD Landsborough P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 92 front QLD Landsborough P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 2 93 front QLD Landsborough P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 94 front QLD Landsborough P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 95 front QLD Landsborough P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 2 96 front QLD Landsborough P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 97 front QLD Gatton P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 98 
sourc
e QLD Gatton P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 99 
sourc
e QLD Gatton P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 
QLD 2 
10
0 
sourc
e QLD Gatton P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 4 0 0 0 4 5 2 0 0 
QLD 2 
10
1 
sourc
e QLD Gatton P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 
10
2 
sourc
e QLD Gatton P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 
10
3 
sourc
e QLD Gatton P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 2 
10
4 
sourc
e QLD Gatton P  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 
QLD 2 
10
5 
sourc
e QLD Gatton U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 2 3 3 2 0 0 
QLD 2 
10
6 
sourc
e QLD Gatton U 2 0 0 0 0 0 2 1 0 0 4 0 0 0 0 0 0 0 0 0 0 4 1 2 0 
QLD 2 
10
7 
sourc
e QLD Gatton U 1 0 0 0 0 0 1 1 0 0 9 0 0 0 0 0 0 0 0 0 0 9 1 0 1 
QLD 2 
10
8 
sourc
e QLD Gatton U 1 0 0 0 0 0 1 1 0 0 4 0 0 0 0 0 0 0 2 2 2 6 2 1 0 
QLD 2 
10
9 
sourc
e QLD Gatton U 1 0 0 0 0 0 1 1 0 0 6 0 0 0 0 0 0 0 0 0 0 6 1 0 1 
QLD 2 
11
0 
sourc
e QLD Gatton U 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 4 1 0 0 
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QLD 2 
11
1 
sourc
e QLD Gatton U 0 0 0 0 0 0 0 0 0 11 0 0 0 0 1 0 0 0 0 0 0 12 2 0 0 
QLD 2 
11
2 
sourc
e QLD Gatton U 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 4 1 0 0 
QLD 2 
11
3 
sourc
e QLD Gatton E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 
11
4 
sourc
e QLD Gatton E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 1 0 0 
QLD 2 
11
5 
sourc
e QLD Gatton E 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 1 1 1 8 2 0 0 
QLD 2 
11
6 
sourc
e QLD Gatton E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
QLD 2 
11
7 
sourc
e QLD Gatton E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 8 8 1 0 0 
QLD 2 
11
8 
sourc
e QLD Gatton E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 1 3 3 2 0 0 
QLD 2 
11
9 
sourc
e QLD Gatton E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 0 0 14 14 1 0 0 
QLD 2 
12
0 
sourc
e QLD Gatton E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 
QLD 2 
12
1 
sourc
e QLD Gatton E 1 0 0 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 2 2 1 0 
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Table 3. Nest box habitat data from vegetation surveys. U= Urban, P = Park, E = Edge. N = New South Wales, Q = Queensland.  
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N 1 -32.0109 151.9599 S 2.5 5 50 Lophostemon spp 0 0 0 8 4 12 8 4 4 5 4.333333 35 60 5 0 
N 2 -32.0112 151.9598 S 3 4 60 Lophostemon spp 0 0 0 4 5 5 4.666667 3 4 4 3.666667 35 60 5 0 
N 3 -32.0118 151.9597 SSW 3 4 40 Lophostemon spp 0 0 0 5 11 12 9.333333 4 13 13 10 30 65 5 0 
N 4 -32.012 151.9597 SSW 3 4.5 50 Lophostemon spp 0 0 0 6 11 12 9.666667 3 5 5 4.333333 35 60 5 0 
N 5 -32.0125 151.9595 SSW 3 5 50 Lophostemon spp 0 0 0 6 12 17 11.66667 4 4 5 4.333333 30 60 10 0 
N 6 -32.0117 151.96 S 2.5 7 60 Lophostemon spp 0 0 0 5 5 8 6 5 16 16 12.33333 40 60 0 0 
N 7 -32.0118 151.9605 S 3 9 30 Eucalyptus spp 0 0 0 3 7 10 6.666667 2 3 3 2.666667 40 50 10 0 
N 8 -32.0119 151.9607 S 2.5 6 40 Lophostemon spp 0 0 0 3 6 7 5.333333 6 5 5 5.333333 40 50 10 0 
N 9 -32.0067 151.9564 SSE 3 11 40 Meleluca spp 0 0 0 2 3 3 2.666667 24 31 31 28.66667 90 10 0 4 
N 10 -32.0063 151.9566 S 3 18 160 Eucalyptus spp 0 0 0 7 12 9 9.333333 12 12 13 12.33333 95 0 5 4 
N 11 -32.0063 151.9564 SSW 4 8 50 Cinnamomum camphora 0 0 0 3 5 5 4.333333 1 2 5 2.666667 70 0 30 4 
N 12 -32.0058 151.9567 SSW 3.5 9 30 Grevillea 0 0 0 6 6 5 5.666667 3 2 3 2.666667 75 0 25 4 
N 13 -32.0058 151.9561 SW 2.5 13 100 Cinnamomum camphora 0 0 0 9 12 13 11.33333 3 3 11 5.666667 60 0 40 4 
N 14 -32.006 151.9559 SW 3.5 6 100 Metasequoia 0 0 0 13 13 14 13.33333 20 20 20 20 50 50 0 4 
N 15 -32.0053 151.956 SE 3.5 12 140 Metasequoia 0 0 0 6 8 14 9.333333 24 22 24 23.33333 60 40 0 4 
N 16 -32.0059 151.9572 SSW 2.5 12 70 Eucalyptus spp 0 0 0 11 16 14 13.66667 7 8 10 8.333333 98 1 1 4 
N 17 -32.0061 151.9522 WSW 3.5 13 120 Cinnamomum camphora 0 0 0 5 7 8 6.666667 1 9 10 6.666667 60 0 40 6 
N 18  32° 0'21.32"S 151°57'8.19"E SE 3 11 60 Cinnamomum camphora 0 0 0 4 5 4 4.333333 1 1 2 1.333333 50 0 50 6 
N 19 -32.0057 151.9523 S 3.5 12 40 Pinus spp 0 0 0 1 2 3 2 2 14 14 10 60 0 40 6 
N 20 -32.0057 151.9524 S 3.5 12 30 Pinus spp 0 0 0 1 4 4 3 1 1 1 1 40 0 60 6 
N 21 -32.0059 151.9526 S 3.5 10 20 Cinnamomum camphora 0 0 0 1 5 6 4 1 9 9 6.333333 70 0 30 6 
N 22 -32.0057 151.9526 SW 3 12 40 Cinnamomum camphora 0 0 0 1 1 4 2 1 1 2 1.333333 50 0 50 6 
N 23 -32.0053 151.952 SW 3 13 150 Pinus spp 0 0 0 1 2 6 3 4 4 8 5.333333 70 0 30 6 
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N 24 -32.0052 151.9523 S 3 11 210 Eucalyptus spp 0 0 0 25 26 26 25.66667 16 19 19 18 100 0 0 6 
N 25 -32.053 152.2619 S 3.5 15 40 Eucalyptus spp 0 0 0 1 1 5 2.333333 1 1 1 1 10 0 90 1 
N 26 -32.0531 152.2616 S 3 12 20 Eucalyptus spp 0 0 0 11 3 3 5.666667 0 1 1 0.666667 25 0 75 1 
N 27 -32.0531 152.2621 S 3.5 15 60 Eucalyptus spp 0 0 0 1 3 6 3.333333 0 1 1 0.666667 10 0 90 1 
N 28 -32.0524 152.2618 SSE 3.5 15 40 Eucalyptus spp 0 0 0 1 1 1 1 1 2 2 1.666667 25 0 75 1 
N 29 -32.0529 152.2623 S 3.5 18 60 Eucalyptus spp 0 0 0 1 1 2 1.333333 0 1 1 0.666667 10 0 90 1 
N 30 -32.0529 152.2617 SSE 3 11 20 Eucalyptus spp 0 0 0 1 1 2 1.333333 1 1 2 1.333333 25 0 75 1 
N 31 -32.0527 152.2622 S 3 13 15 Eucalyptus spp 0 0 0 1 2 3 2 2 2 4 2.666667 10 0 90 1 
N 32 -32.0527 152.2618 SSE 3 15 40 Eucalyptus spp 0 0 0 2 4 4 3.333333 1 1 2 1.333333 50 0 50 1 
N 33 -32.0519 152.2634 SSW 3 12 20 Eucalyptus spp 0 0 0 0 3 4 2.333333 1 4 6 3.666667 80 0 20 0 
N 34 -32.0518 152.2633 S 3 14 50 Eucalyptus spp 0 0 0 4 13 15 10.66667 1 15 15 10.33333 99 0 1 0 
N 35 -32.0519 152.2637 SW 3 13 40 Eucalyptus spp 0 0 0 0 3 4 2.333333 0 1 1 0.666667 40 0 60 0 
N 36 -32.0518 152.2635 SSW 3 12 70 Eucalyptus spp 0 0 0 5 12 10 9 0 1 1 0.666667 50 0 50 0 
N 37 -32.052 152.2638 N 2.5 9 40 Eucalyptus spp 0 0 0 1 8 11 6.666667 8 9 9 8.666667 40 30 30 0 
N 38 -32.0521 152.2636 SW 3 10 15 Eucalyptus spp 0 0 0 1 1 3 1.666667 1 2 2 1.666667 40 30 30 0 
N 39 -32.0521 152.2625 SW 2.5 16 50 Cinnamomum camphora 0 0 0 2 4 5 3.666667 14 15 17 15.33333 50 50 0 0 
N 40 -32.0521 152.2627 S 2.5 12 30 Eucalyptus spp 0 0 0 3 4 4 3.666667 1 1 2 1.333333 50 50 0 0 
N 41 -32.0519 152.2604 SW 3 9 40 Cinnamomum camphora 0 0 0 10 5 15 10 4 12 12 9.333333 60 40 0 0 
N 42 -32.0517 152.2618 SW 3 10 50 Cinnamomum camphora 0 0 0 12 12 13 12.33333 15 19 9 14.33333 30 70 0 0 
N 43 -32.0516 152.2615 SW 3.5 7 110 Cinnamomum camphora 0 0 0 13 12 12 12.33333 8 7 7 7.333333 35 60 5 0 
N 44  32° 3'5.86"S 152°15'40.34"E SW 3 8 100 Cinnamomum camphora 0 0 0 6 8 12 8.666667 6 6 7 6.333333 40 50 10 0 
N 45  32° 3'5.72"S 152°15'39.56"E S 2.5 11 110 Cinnamomum camphora 0 0 0 7 10 16 11 4 5 5 4.666667 40 50 10 0 
N 46 -32.0515 152.2604 SW 2.5 9 50 Cinnamomum camphora 0 0 0 9 13 10 10.66667 5 4 5 4.666667 40 50 10 0 
N 47 -32.0514 152.26 S 3 9 40 Cinnamomum camphora 0 0 0 9 20 19 16 2 9 10 7 40 55 5 0 
N 48  32° 3'4.83"S 152°15'33.96"E S 2.5 10 90 Cinnamomum camphora 0 0 0 28 31 45 34.66667 2 12 19 11 35 60 5 0 
N 49 -32.932 151.7083 SSE 3 8 50 Corymbia spp 0 0 0 3 6 6 5 40 40 40 40 90 10 0 2 
N 50 -32.9319 151.7083 SSW 2.5 10 40 Corymbia spp 0 0 0 1 1 2 1.333333 6 60 60 42 80 20 0 2 
N 51 -32.9347 151.7072 SW 3 9 30 Casuarina 0 0 0 4 8 12 8 16 16 17 16.33333 5 95 0 2 
N 52 -32.9335 151.7074 SSW 2.5 8 40 Casuarina 0 0 0 6 14 14 11.33333 5 5 6 5.333333 2 98 0 2 
N 53 -32.9342 151.7073 SSW 2.5 10 60 Casuarina 0 0 0 3 4 7 4.666667 18 20 10 16 5 95 0 2 
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N 54 -32.9323 151.7081 SE 3 9 50 Casuarina 0 0 0 14 8 17 13 45 45 45 45 90 10 0 2 
N 55 -32.9322 151.7084 SSE 3 8 50 Casuarina 0 0 0 5 6 9 6.666667 19 19 24 20.66667 90 10 0 2 
N 56 -32.9328 151.7081 S 2.5 8 30 Casuarina 0 0 0 4 8 7 6.333333 7 7 18 10.66667 90 10 0 2 
N 57 -32.9326 151.7081 SSW 3 10 20 Casuarina 0 0 0 2 2 3 2.333333 11 11 16 12.66667 60 40 0 2 
N 58 -32.9317 151.7086 SSW 3.5 9 30 Corymbia spp 0 0 0 1 1 8 3.333333 40 40 40 40 100 0 0 2 
N 59 -32.9317 151.7084 S 3.5 9 30 Corymbia spp 0 0 0 2 2 8 4 30 30 30 30 100 0 0 2 
N 60 -32.9324 151.703 S 3 11 10 Eucalyptus spp 0 0 0 2 3 3 2.666667 0 0 0 0 30 20 50 4 
N 61 -32.9343 151.7073 S 2.5 9 30 Casuarina 0 0 0 2 4 5 3.666667 17 17 19 17.66667 5 95 0 2 
N 62 -32.9345 151.7073 SSW 2.5 10 40 Casuarina 0 0 0 3 11 14 9.333333 16 16 17 16.33333 5 95 0 2 
N 63 -32.9323 151.7031 SE 3 9 10 Eucalyptus turnicornus 0 0 0 3 7 7 5.666667 2 2 3 2.333333 40 0 60 4 
N 64 -32.9322 151.7033 S 3 16 50 Eucalyptus spp 0 0 0 3 5 5 4.333333 0 1 1 0.666667 40 0 60 4 
N 65 -32.9325 151.7029 E 3 14 50 Eucalyptus turnicornus 0 0 0 0 1 2 1 12 12 12 12 20 50 30 4 
N 66 -32.9324 151.7025 S 3.5 12 40 Eucalyptus spp 0 0 0 2 2 4 2.666667 0 1 3 1.333333 0 20 80 4 
N 67 -32.9338 151.7074 SSE 2.5 8 60 Casuarina 0 0 0 4 8 14 8.666667 28 30 30 29.33333 5 95 0 2 
N 68 -32.9328 151.7017 S 3 12 30 Eucalyptus spp 0 0 0 0 3 3 2 0 0 0 0 0 10 90 4 
N 69 -32.9345 151.707 S 2.5 10 60 Meleluca spp 0 0 0 11 14 15 13.33333 6 5 5 5.333333 5 90 5 2 
N 70 -32.9348 151.7072 SSW 3 9 30 Casuarina 0 0 0 5 9 11 8.333333 15 15 16 15.33333 5 95 0 2 
N 71 -32.9326 151.7039 NE 3.5 7 30 Corymbia spp 0 0 0 0 1 2 1 1 2 2 1.666667 20 5 75 4 
N 72 -32.9323 151.7035 SSW 3.5 14 110 Corymbia spp 0 0 0 1 4 5 3.333333 1 1 1 1 25 5 70 4 
N 73 -32.9294 151.6396 SSW 3 5 30 Eucalyptus 0 0 0 3 4 4 3.666667 0 0 1 0.333333 25 50 25 2 
N 74 -32.9298 151.6393 S 3 6 10 Eucalyptus turnicornus 0 0 0 2 2 2 2 2 1 2 1.666667 50 0 50 2 
N 75 -32.9282 151.6486 NE 3 9 70 Corymbia spp 0 0 0 10 10 14 11.33333 7 9 10 8.666667 29 70 1 0 
N 76 -32.9277 151.6486 NE 3 7 50 Corymbia spp 0 0 0 5 7 10 7.333333 9 12 8 9.666667 25 70 5 0 
N 77 -32.928 151.6486 W 3 8 60 Corymbia spp 0 0 0 6 6 8 6.666667 4 4 5 4.333333 25 70 5 0 
N 78 -32.9295 151.6393 S 3 6 15 Eucalyptus 0 0 0 6 6 6 6 12 12 6 10 10 80 10 2 
N 79 -32.9287 151.6394 N 3 6 60 Meleluca spp 0 0 0 0 12 16 9.333333 12 12 13 12.33333 90 5 5 2 
N 80 -32.9291 151.6397 S 3 6 20 Eucalyptus 0 0 0 3 9 8 6.666667 0 0 0 0 40 40 20 2 
N 81 -32.929 151.6396 S 3 6 20 Eucalyptus 0 0 0 2 3 7 4 3 3 3 3 20 60 20 2 
N 82 -32.9295 151.6488 NW 2.5 7 50 Corymbia spp 0 0 0 12 12 16 13.33333 28 31 20 26.33333 30 70 0 0 
N 83 -32.9289 151.6488 NW 3 8 30 Corymbia spp 0 0 0 10 9 10 9.666667 3 6 8 5.666667 29 70 1 0 
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N 84 -32.9292 151.6488 NE 3 9 60 Corymbia spp 0 0 0 11 17 18 15.33333 16 19 14 16.33333 30 70 0 0 
N 85 -32.9287 151.6487 NE 3 9 70 Corymbia spp 0 0 0 9 8 12 9.666667 3 3 4 3.333333 25 70 5 0 
N 86 -32.9285 151.6487 W 2.5 8 50 Corymbia spp 0 0 0 7 9 10 8.666667 6 7 15 9.333333 29 70 1 0 
N 87 -32.9292 151.6395 E 3 7 30 Eucalyptus 0 0 0 4 4 8 5.333333 16 14 14 14.66667 25 75 0 2 
N 88 -32.9288 151.6399 SSW 3 7 20 Eucalyptus spp 0 0 0 1 1 1 1 0 1 1 0.666667 33 33 34 2 
N 89 -32.9312 151.639 S 3 7 20 Corymbia spp 0 0 0 0 1 1 0.666667 0 0 1 0.333333 40 0 60 19 
N 90 -32.931 151.6389 S 2.5 9 15 Corymbia spp 0 0 0 1 1 1 1 7 9 9 8.333333 40 0 60 19 
N 91 -32.931 151.6387 SSW 2.5 9 20 Corymbia spp 0 0 0 2 3 2 2.333333 0 1 1 0.666667 40 0 60 19 
N 92 -32.9309 151.6387 SE 3 8 20 Casuarina 0 0 0 1 2 2 1.666667 4 5 5 4.666667 40 0 60 19 
N 93 -32.9308 151.6385 SE 3 8 20 Corymbia spp 0 0 0 1 3 3 2.333333 1 1 4 2 40 0 60 19 
N 94 -32.9307 151.6387 SW 3 7 10 Corymbia spp 0 0 0 1 2 3 2 4 7 6 5.666667 40 0 60 19 
N 95 -32.9307 151.6385 S 3 8 15 Corymbia spp 0 0 0 2 2 2 2 1 2 2 1.666667 20 0 80 19 
N 96 -32.9306 151.6384 SSW 3 8 15 Corymbia spp 0 0 0 1 1 2 1.333333 1 3 4 2.666667 40 0 60 19 
Q 1 S27°32'25.9" E152°59'18.4" SE 3 9.5 70 0 0 10 5 11 6 7.333333 7 4 4 5 20 5 75 41 
Q 2 S27°32'25.4" E152°59'18.4" E 2.5 8 65 2 4 10 2 6 6 4.666667 3 4 4 3.666667 40 5 55 41 
Q 3 S27°32'23.5" E152°59'16.7" SE 3 7.5 50 1 6 10 1 3 3 2.333333 2 3 3 2.666667 25 5 70 41 
Q 4 S27°32'26.7" E152°59'17.9" E 4.5 9 60 1 6 10 3 3 5 3.666667 0 1 1 0.666667 20 0 80 41 
Q 5 S27°32'23.3" E152°59'15.7" S 5 9.5 65 1 6 10 3 4 4 3.666667 0 0 1 0.333333 70 5 25 41 
Q 6 S27°32'22.3" E152°59'15.9" S 3.5 7 45 2 4 10 1 3 6 3.333333 10 13 13 12 70 0 30 41 
Q 7 S27°32'26.5" E152°59'17.7" E 4 8.5 60 1 3 10 9 8 11 9.333333 0 1 1 0.666667 80 0 20 41 
Q 8 S27°32'22.1" E152°59'15.1" S 2.5 7 50 1 3 10 8 9 13 10 0 0 1 0.333333 80 0 20 41 
Q 9 S27°32'04.6" E152°59'36.3" W 2.5 8 15 Acacia 0 0 0 5 5 8 6 12 10 10 10.66667 40 0 60 16 
Q 10 S27°32'04.9" E152°59'35.9" W 2.5 6.5 20 Acacia 0 0 0 0 1 3 1.333333 7 2 8 5.666667 40 0 60 16 
Q 11 S27°32'07.3" E152°59'32.9" SE 2.5 5 15 0 0 0 5 5 6 5.333333 4 4 5 4.333333 40 15 45 16 
Q 12 S27°32'08.7" E152°59'32.8" SE 3.5 7.5 25 0 0 0 3 3 4 3.333333 12 13 13 12.66667 40 20 40 16 
Q 13 S27°32'08.9" E152°59'32.7" SE 3.5 7.5 35 0 0 0 2 3 3 2.666667 0 0 5 1.666667 40 20 40 16 
Q 15 S27°32'06.4" E152°59'34.8" SW 2.5 4 30 Acacia 0 0 0 2 2 3 2.333333 2 3 3 2.666667 40 10 50 16 
Q 16 S27°32'08.4" E152°59'32.3" SE 3 4.5 35 Casuarina 0 0 0 2 2 6 3.333333 0 0 1 0.333333 40 20 40 16 
Q 17 S27°32'12.1" E152°59'26.1" NE 3 5 15 Eucalyptus mycrocarics 0 0 0 5 5 6 5.333333 8 10 15 11 50 0 50 26 
Q 18 S27°32'12.4" E152°59'25.6" SE 3 5.5 20 Casuarina 0 0 0 3 5 5 4.333333 0 1 2 1 25 0 75 26 
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Q 21 S27°32'12.9" E152°59'24.1" SE 3 6.5 20 Casuarina 0 0 0 2 2 3 2.333333 0 0 0 0 0 0 100 26 
Q 22 S27°32'12.8" E152°59'23.9" SE 2.5 6.25 20 unk 0 0 0 1.5 2 7 3.5 0 0 0 0 5 0 95 26 
Q 23 S27°32'13.6" E152°59'24.0" S 2.5 6.25 25 Casuarina 0 0 0 3 4 6 4.333333 4 2 2 2.666667 25 0 75 26 
Q 24 S27°32'13.9" E152°59'23.9" SW 3 6 35 Eucalyptus spp 0 0 0 1 4 4 3 1 2 2 1.666667 25 0 75 26 
Q 26 S27°29'06.1" E153°03'07.2" S 2.75 7 40 Eucalyptus turnicornus 0 0 0 3 3 6 4 2 3 3 2.666667 40 20 40 43 
Q 27 S27°29'06.6" E153°03'07.0" S 2.75 7.5 45 Eucalyptus spp 0 0 0 3 4 5 4 15 13 15 14.33333 40 20 40 43 
Q 28 S27°29'12.8" E153°03'06.0" S 2.75 7 40 Eucalyptus turnicornus 0 0 0 1 1 7 3 4 4 4 4 25 50 25 43 
Q 29 S27°29'08.3" E153°03'05.6" SW 2.5 7.5 35 Eucalyptus spp 0 0 0 2 4 4 3.333333 6 8 8 7.333333 25 25 50 43 
Q 30 S27°29'08.8" E153°03'05.2" SW 2.75 7.5 35 Eucalyptus turnicornus 0 0 0 1 3 3 2.333333 0 0 0 0 45 5 50 43 
Q 31 S27°29'14.9" E153°03'10.5" S 2.75 8 40 Eucalyptus turnicornus 0 0 0 4 5 7 5.333333 4 4 4 4 70 5 25 43 
Q 32 S27°29'15.1" E153°03'07.5" S 3 7 40 Eucalyptus turnicornus 0 0 0 4 8 8 6.666667 15 15 15 15 80 10 10 43 
Q 33 S27°29'07.8" E153°03'06.0" SW 3 6.5 30 Eucalyptus spp 0 0 0 2 2 3 2.333333 0 0 0 0 25 25 50 43 
Q 34 S27°29'24.3" E153°03'04.0" SE 2.75 7.5 30 Eucalyptus turnicornus 0 0 0 3 9 10 7.333333 0 0 0 0 95 5 0 34 
Q 35 S27°29'24.6" E153°03'03.3" S 2.5 7.5 35 Eucalyptus turnicornus 0 0 0 5 5 5 5 35 35 35 35 90 5 5 34 
Q 36 S27°29'25.2" E153°03'03.5" SW 2.75 7.5 30 Eucalyptus turnicornus 0 0 0 6 6 6 6 0 0 0 0 95 5 0 34 
Q 37 S27°29'25.7" E153°03'02.8" W 2.5 8 30 Eucalyptus turnicornus 0 0 0 8 10 12 10 0 0 0 0 95 5 0 34 
Q 38 S27°29'23.9" E153°03'03.7" S 2.5 7.5 35 Eucalyptus turnicornus 0 0 0 6 6 10 7.333333 20 20 20 20 95 5 10 34 
Q 39 S27°29'26.2" E153°03'04.2" S 2.75 8 30 Eucalyptus turnicornus 0 0 0 3 3 4 3.333333 0 0 0 0 95 5 0 34 
Q 40 S27°29'27.3" E153°03'05.8" S 2.75 8 35 Eucalyptus turnicornus 0 0 0 3 4 6 4.333333 25 20 20 21.66667 80 0 20 34 
Q 41 S27°29'27.5" E153°03'06.2" S 2.5 8 35 Eucalyptus turnicornus 0 0 0 2 3 3 2.666667 15 15 15 15 75 25 0 34 
Q 42 S27°29'08.4" E153°03'11.5" W 3 10 40 Eucalyptus spp 4 4 4 2 4 6 4 6 6 8 6.666667 75 25 0 9 
Q 43 S27°29'09.2" E153°03'10.4" SE 3 9.5 45 Eucalyptus turnicornus 1 1 5 2 4.5 5 3.833333 6 7 8 7 75 25 0 9 
Q 44 S27°29'09.0" E153°03'12.1" SE 3 7.5 35 Eucalyptus spp 4 4 5 5 5 6 5.333333 6 5 5 5.333333 80 20 0 9 
Q 45 S27°29'08.2" E153°03'12.5" S 3 8 30 Eucalyptus spp 4 4 5 2 5 5 4 12 12 15 13 80 20 0 9 
Q 46 S27°29'08.7" E153°03'12.8" E 3 10 30 Meleluca  4 4 5 1 2.5 2 1.833333 3 6 6 5 80 20 0 9 
Q 47 S27°29'08.2" E153°03'13.5" SE 2.75 8.5 25 Meleluca  4 4 5 1.5 3.5 5 3.333333 7 7 9 7.666667 80 20 0 9 
Q 48 S27°29'07.9" E153°03'13.1" Se 2.5 8.5 30 4 4 5 4 4 5 4.333333 na na na NA 80 20 0 9 
Q 49 S27°29'08.8" E153°03'08.7" S 2.5 8 30 Callistemon 0 0 5 3 3 4 3.333333 4 6 8 6 30 65 5 9 
Q 50 S27°11'26.9" E152°49'05.5" SE 3 7.5 30 0 0 2 11 15 18 14.66667 0 0 0 0 90 10 0 27 
Q 51 S27°11'25.10"S E152°49'5.88" SE 2.5 7 25 0 0 2 4 15 14 11 4 NA NA 4 95 5 0 27 
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Q 52 S27°11'27.6" E152°49'08.1" E 2.5 8 50 0 0 2 4 8 11 7.666667 NA NA NA NA 100 0 0 27 
Q 53 S27°11'28.6" E152°49'08.5" SE 3 6.5 45 unk 0 0 2 5 10 12 9 na na na NA 100 0 0 27 
Q 54 S27°11'28.3" E152°49'04.4" E 3 7 45 Eucalyptus turnicornus 0 0 2 2 2 2 2 0 na na 0 80 15 5 27 
Q 55 S27°11'29.7" E152°48'59.3" SW 2.5 5.5 30 unk 1 1 2 6 19 19 14.66667 na na na NA 20 70 10 27 
Q 56 S27°11'30.2" E152°49'01.3" SW 2.5 10.5 65 Araucaria 1 1 2 13 13 15 13.66667 25 25 17 22.33333 45 45 10 27 
Q 57 S27°11'29.0" E152°49'08.7" SW 3 6.5 45 Corimbia spp 0 0 2 5 7 14 8.666667 na na na NA 100 0 0 27 
Q 58 S27°11'38.2" E152°49'08.7" SW 2.5 6.5 25 0 0 3 4 6 12 7.333333 13 0 3 5.333333 90 5 5 5 
Q 59 S27°11'41.6" E152°49'09.6" W 3.5 8.5 45 Eucalyptus turnicornus 1 3 3 1 1 2 1.333333 12 12 12 12 90 5 5 5 
Q 60 S27°11'37.9" E152°49'10.3" SW 2.5 9 60 Corimbia spp 0 0 3 10 20 23 17.66667 na na na NA 50 50 0 5 
Q 61 S27°11'40.4" E152°49'12.1" SE 2.5 7 65 Camphour lauriel  0 0 3 8 3 7 6 20 22 22 21.33333 20 80 0 5 
Q 62 S27°11'39.2" E152°49'13.0" SE 3.2 7 30 0 0 3 1 11 11 7.666667 1 1 2 1.333333 10 85 5 5 
Q 63 S27°11'38.7" E152°49'12.6" SW 3.3 7.5 35 unk 0 0 3 2 5 10 5.666667 6 6 6 6 45 45 5 5 
Q 64 S27°11'39.9" E152°49'13.2" SW 2.5 8 45 Ficus spp 0 0 3 3 2 19 8 0 6 6 4 20 80 0 5 
Q 65 S27°11'38.5" E152°49'12.8" SW 4 9.5 60 Corimbia spp 0 0 3 5 8 11 8 21 20 20 20.33333 50 50 0 5 
Q 66 S27°11'32.0" E152°48'49.6" SE 4 9.5 35 Eucalyptus turnicornus 1 1 2 8 7 8 7.666667 0 0 0 0 40 0 60 3 
Q 67 S27°11'32.5" E152°48'49.4" SE 4.25 8.5 40 Eucalyptus turnicornus 1 1 2 0 1 5 2 0 0 0 0 20 0 80 3 
Q 68 S27°11'31.7" E152°48'49.2" S 4 9 50 Eucalyptus mycrocaries 0 0 2 4 5 5 4.666667 0 0 0 0 30 0 70 3 
Q 69 S27°11'31.9" E152°48'49.2" S 4 7.5 40 Eucalyptus turnicornus 0 0 2 1 4 4 3 0 0 0 0 10 0 90 3 
Q 70 S27°11'31.0" E152°48'47.4" S 3.5 8 35 Eucalyptus mycrocaries 0 0 2 1 1 2 1.333333 0 0 0 0 30 0 70 3 
Q 71 S27°11'31.8" E152°48'47.4" S 3.5 7.5 35 unk 1 1 2 6 7 7 6.666667 0 0 0 0 10 0 90 3 
Q 72 S27°11' E152°48' SW 4.5 11.5 60 Eucalyptus mycrocaries 1 1 2 6 7 5 6 0 0 0 0 20 0 80 3 
Q 73 S27°11' E152°48' S 3.5 7.5 40 Corymbia maculata 0 0 2 0 1 2 1 1 1 2 1.333333 40 0 60 3 
Q 74 S26°48'12.4" E152°57'50.4" SE 3.5 9.5 45 Eucalyptus turnicornus 1 3 8 3 7 6 5.333333 9 9 4 7.333333 60 40 0 1 
Q 75 S26°48'12.1" E152°57'51.0" S 3.5 7 35 Lophostemon spp 1 3 8 0 1 6 2.333333 0 0 0 0 60 10 30 1 
Q 76 S26°48'12.5" E152°57'51.0" S 4.5 10.5 60 1 3 8 12 12 13 12.33333 15 15 20 16.66667 70 5 5 1 
Q 77 S26°48'12.1" E152°57'52.2" S 3.5 9.5 45 1 1 8 6 8 10 8 1 1 10 4 60 20 20 1 
Q 78 S26°48'11.8" E152°57'52.7" S 4 9 50 2 5 8 3 5 8 5.333333 8 8 8 8 55 15 25 1 
Q 79 S26°48'13.5" E152°57'54.4" SW 3.5 7 25 Lophostemon 0 0 8 3 5 11 6.333333 10 10 10 10 45 45 10 1 
Q 80 S26°48'13.0" E152°57'54.8" W 4 7.5 30 Silky Oak 0 0 8 1 1 1 1 2 2 3 2.333333 10 30 70 1 
Q 81 S26°48'14.4" E152°57'51.7" SE 3 8 20 0 0 8 1 2 2 1.666667 1 7 7 5 10 90 0 1 
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Q 82 S26°48'01.7" E152°58'01.5" S 3 8.5 55 1 3 14 1 1 3 1.666667 0 0 0 0 40 40 20 2 
Q 83 S26°48'01.6" E152°58'02.1" S 3.5 9 60 1 3 14 1 1 2 1.333333 0 0 0 0 40 10 50 2 
Q 84 S26°48'01.0" E152°58'02.5" SE 3.5 10.5 45 Alphitonia  2 5 14 7 4 8 6.333333 0 0 0 0 50 0 50 2 
Q 85 S26°48'00.5" E152°58'02.6" SW 3.7 11.5 20 3 5 14 4 8 6 6 0 0 0 0 30 0 70 2 
Q 86 S26°48'00.4" E152°58'03.2" SE 3.5 9 45 5 7 14 1 1 1 1 0 0 0 0 30 10 60 2 
Q 87 S26°47'59.6" E152°58'05.9" SW 3.5 12.5 60 3 3 14 4 9 10 7.666667 8 8 9 8.333333 45 5 50 2 
Q 88 S26°47'59.1" E152°58'08.0" S 2.5 6 25 Acacia 1 1 14 1 3 6 3.333333 0 0 0 0 50 0 50 2 
Q 89 S26°47'58.3" E152°58'09.9" S 3.5 8.5 35 Alphitonia  2 2 14 5 5 5 5 5 5 5 5 20 10 70 2 
Q 90 S26°48'15.6" E152°57'53.9" S 3.2 11.5 70 Lophostemon 0 0 0 1 16 21 12.66667 0 0 0 0 30 70 0 14 
Q 91 S26°48'14.4" E152°57'54.5" S 3.5 10 40 Lophostemon 0 0 0 1 2 2 1.666667 8 8 na 8 50 50 0 14 
Q 92 S26°48'14.5" E152°57'55.0" S 3.2 10.5 45 0 0 0 6 6 7 6.333333 2 2 3 2.333333 60 40 0 14 
Q 93 S26°48'15.9" E152°57'59.8" SW 3 9.5 40 Lophostemon 0 0 0 4 5 6 5 20 20 20 20 60 40 0 14 
Q 94 S26°48'16.4" E152°57'59.0" SW 3.5 9 40 0 0 0 1 4 3 2.666667 35 35 35 35 50 40 10 14 
Q 95 S26°48'15.5" E152°57'59.8" SW 3.5 8 35 Lophostemon 0 0 0 5 5 6 5.333333 7 7 8 7.333333 70 30 0 14 
Q 96 S26°48'16.6" E152°57'58.9" SW 3 8.5 40 0 0 0 6 6 8 6.666667 12 13 15 13.33333 50 25 25 14 
Q 97 S26°48'16.8" E152°57'58.4" S 3 9 35 0 0 0 5 6 6 5.666667 3 3 3 3 50 10 40 14 
Q 98 S27°33'29.0" E152°20'22.0" S 2.5 8.5 35 0 0 3 4 9 7 6.666667 na na na NA 50 50 0 10 
Q 99 S27°33'32.9" E152°20'21.4" SE 3 9.5 40 0 0 3 1 2 2 1.666667 13 12 13 12.66667 60 30 20 10 
Q 100 S27°33'33.2" E152°20'20.7" SE 2.5 9 40 0 0 3 2 2 2 2 22 na na 22 60 40 0 10 
Q 101 S27°33'33.0" E152°20'19.5" S 3.5 10.5 40 0 0 3 3 5 6 4.666667 35 35 35 35 60 30 10 10 
Q 102 S27°33'30.2" E152°20'16.1" S 3.5 9.5 35 1 2 3 4 7 10 7 na na na NA 80 20 0 10 
Q 103 S27°33'29.5" E152°20'16.5" SE 3 9.5 35 1 2 3 7 6 9 7.333333 na na na NA 80 20 0 10 
Q 104 S27°33'29.0" E152°20'16.0" SE 3 9.5 30 1 2 3 4 5 8 5.666667 na na na NA 80 20 0 10 
Q 105 S27°33'29.2" E152°20'15.4" SE 3 9 35 1 2 3 2 2 5 3 na na na NA 80 20 0 10 
Q 106 S27°33'12.6" E152°20'01.8" S 3 10.5 60 1 1 3 8 14 15 12.33333 19 20 20 19.66667 75 20 5 1 
Q 107 S27°33'09.7" E152°20'00.5" S 2.5 9.5 50 0 0 7 2 5 7 4.666667 21 21 21 21 85 10 5 1 
Q 108 S27°33'07.8" E152°20'00.3" SE 3.5 8 55 Poplar box 0 0 7 6 10 12 9.333333 na na na NA 90 10 0 1 
Q 109 S27°33'06.6" E152°20'02.5" SE 3 10 40 0 0 7 3 5 6 4.666667 17 17 17 17 50 40 10 1 
Q 110 S27°33'02.4" E152°20'02.1" SE 3.5 11.5 60 Corymbia 0 0 7 na na na 50 na na na 50 100 0 0 1 
Q 111 S27°33'03.8" E152°19'58.2" SE 4 11.5 65 Corymbia 0 0 7 20 22 na 21 na na na 50 100 0 0 1 
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Q 112 S27°33'05.6" E152°19'52.5" S 3.5 11.5 55 Corymbia 0 0 7 na na na 50 na na na 50 50 50 0 1 
Q 113 S27°33'07.4" E152°19'47.2" S 3.5 11 60 Corymbia 1 7 7 na 21 35 28 na na na 50 50 50 0 1 
Q 114 S27°33'18.3" E152°20'16.8" SE 3.5 9 40 0 0 0 3 3 6 4 0 0 0 0 80 15 5 18 
Q 115 S27°33'19.6" E152°20'18.5" SE 4 9.5 40 Eucalyptus crebra 0 0 0 8 7 12 9 10 10 10 10 80 0 20 18 
Q 116 S27°33'22.1" E152°20'23.4" SE 3.5 10 35 Eucalyptus crebra 0 0 0 3 10 10 7.666667 2 4 6 4 60 0 40 18 
Q 117 S27°33'23.8" E152°20'19.9" SE 3.5 10 35 Eucalyptus crebra 0 0 0 12 14 28 18 na na na 50 100 0 0 18 
Q 118 S27°33'22.6" E152°20'20.3" SE 3.5 9 40 Eucalyptus crebra 0 0 0 1 2 5 2.666667 35 35 35 35 80 0 20 18 
Q 119 S27°33'20.9" E152°20'21.4" SE 4 9.5 45 Corymbia maculata 0 0 0 10 6 7 7.666667 32 32 32 32 90 0 10 18 
Q 120 S27°33'19.6" E152°20'21.6" SE 4 10 40 Corymbia maculata 0 0 0 11 16 14 13.66667 25 25 25 25 80 0 20 18 
Q 121 S27°33'18.8" E152°20'21.6" S 4 10.5 40 Corymbia maculata 0 0 0 8 12 13 11 17 18 11 15.33333 70 0 30 18 
 
 
